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PRELIMINARY REPORT of the Dutch 
Expedition to Karang Sago (Sumatra) 
for the Observation of the Total Solar 
Eclipse of May igoi 


Before giving the preliminary account of our work, we shall 
recall in a few words the history of and the preparations for 
the expedition, as well in Holland as in the Dutch Indies 

The first step towards the preparation of the expedition was taken 
on the 14* of October 1898, when, at the house of Piof J A C 
OuDEMANS and in the presence of Professors H G- t d Sande 
Bakhutzbn and J 0 Kaptetit, Prof A A Nulaitd called 
attention to the matter and at the same time intimated that already 
a considerable sum had been promised him for the purpose 
As a consequence of this conference two meetings were held 
in the Trippenhuis on Jan 28 and Apnl 22 1899, which were 
attended by the same four gentlemen The plan of a Dutch eclipse 
expedition appeared to be capable of execution, a rough estimate of 
the costs in as made (f 50000 0) and the means to get the 
necessary money were discussed Prof T D Sande Bakhtjyzen had 
already requested Dr J P v D Stok Director of the Royal Magnetical 
and Meteorological Observatory at Batavia and Maj or J J A Mullee, 
Commander of the Tnangulation-brigade of the topographical service, 
also at Batavia, to provide information about the localities best 
situated for the observations and about the climatological conditions 
prevalent in these places 

He had also addressed himself to His Excellency the Colonial 
Minister with the request to support the neoessary investigations, and 
to promote the interests of the expeditions to be sent out, both 
from the Netherlands and from foreign countries 

At the lequest of Mr Nijland it was further decided to call in 
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the aid of the Academy of Sciences Accordingly at the meeting of 
the Section of Sciences of May 1899, on the proposal of Mr v D 
SA.NDE Bakhutzen, an , Eclipse Committee” was nominated, consisting 
of the astronomical members of the Academy, Messrs H G v D 
Sande Bakhutzen, J a C Oudemans, J C Kaptetn and E 
F -v D Sande Bakhutzen, and, as the physicist of the Committee, 
Prof W H Julius The Committee, excercising a granted right, 
assumed as further members Messrs J H Wiltebdink and 
A A Nijland, and (on his arrival in Holland in June 1899) 
Mr J P Y D Stok 

The Committee called Mr H G v d Sandf Bakhuijzen to the 
chair and elected Mr A A Mijland as their secretary In the 
years 1899, 1900 and 1901 nine meetings were held At the request 
of the Committee Messrs Jurius, 'Wiltebdink and Hitland were 
appointed by the Government to take charge of the observations m 
India, and Major J J A Mulleb undertook to act as chief of 
the expedition in India A detailed programme of the observations 
was next drawn up and the necessary instruments were planned and 
bought (See Proceedings Boyal Academy Amsterdam, Yol ITT 
pages 529 — 543) 

In the meantime the EcIipse-fund had increased to f 42000, 
of which no less than f 24000 had been contributed by private 
persons who took an interest in the expedition Further f 3000 was 
received from various scientific Societies , the Netherlands Government 
gave a subsidy of f 5000 and the Indian Government promised 
f 10000 

It must also be mentioned that Messrs Julius, Kaptevn, van 
DEB Stok and Nijland composed a short pamphlet entitled 
^Directions for amateur observers”, which was printed at Batavia 
and of which nearly 500 copies were distributed amongst the officials 
and inhabitants of the path of totality 

In the meantime preparations for the expedition had been made in 
India by the Koyal Physical Society of Batavia, at the request 
of the Government This Society nominated a Committee, con- 
sisting of Major Mulleb, Dr S Figbe and Mr A C Zeeman, 
inspector of the „Gouvernementsmarine ’ etc , in order to ( ontinue 
in a morle official manner the work begun by Messrs Mulleb 
and VAN DEB Stok This Committee published in 1900 a pamphlet 
under the title „ Informations for observing parties and climatological 
conditions along the track of the moon’s shadow”, containing, as the 
result of the investigations which had also partly been made by 
Dr VAN DEB Stok, the data about the climate, the suitability and 



the accessibility of many places neai the central line of the eclipse, 
and of which 200 copies were distributed 

The Committee received much support from the part of the Glovern 
mcnt of the Dutch Indies Not only was gieat pecuniary and 
other material aid provided, but the authorities also did their 
utmost to promote the interests of the expedition in every possible 
manner Thus, to mention only the most prominent matters, the 
CO operation of seveial officers was gianted viz captain Wackers 
for making determinations of time and latitude in the eclipse-camp, 
lieutenant db Rochemont foi the building of the camp, captain 
Kebkhopf for the observations of the flash-spectrum near the northern 
limit of totality, further the promise was given that a man-of-war 
would be stationed neai the place of observation, so that the officeis 
and crew might assist in the observations 

Messrs Mullir and Figee personally inspected in two voyages 
(May and September 1900) the localities which appeared suitable 
for observations generally and for the erection of a Dutch eclipse- 
camp specially On their advice the Dutch expedition chose as 
observing station a locality near the kampong Karang Sago on 
the western coast of Sumatra 

In January 1901 Dr Figee and Di van Bbmmelen were 
authorised to take part in the expedition at the expense of the 
Observatory at Batavia, in order to make the necessary magnetical 
and meteorological observations during the eclipse 

In the middle of March Mr de Rochemont arrived at the 

locality which was chosen for the erection of the eclipse-camp, in 
the time of three weeks he established there a very comfortably 
arranged camp Not to mention many coolies, the expedition disposed, 
for all kinds of preparatory work, of the services of twelve 
men of the corps of militarj engineers with two European and two 
Amboinese sergeants, two artisans of the same corps, a warrant- 
officer and a rnandoer of the triangulation, a photographer and 
a mechanician Ihere also was a post^ and telegraph office on 

the spot 

The members of the expedition appointed bj the Eclipse-Committee, 
Messrs Julius, "Wilterdink and Nijland started on their voyage 
about the beginning of March At Genoa they met Mr J B 

Hubrecht phil nat eand , who had been permitted to assist the 

expedition as a volunteer, and on board the „Koningin Regeutes” 
they met eight American and English astronomers, who also 
intended to observe the eclipse in Sumatra We are specially in- 
debted to the S & Company ^Nederland” for the liberal arrange- 



meats as to tlie conveyance of the obseivers and their instruments 
On the sixth of April we arrived at Padang, whence, after some 
official calls, we started, on the 10*^ of April, together with 
Mr Mtjllee on our voyage to the camp by Government steamer 
The Enghsh expedition, which \\ as going to Aoer Gadang, was also 
on board 

On the 11* a stait was made by the unpacking of the 
instruments (which appeared almost -without exception to be in good 
condition), the surveying of the locality and the building of several 
(22) brick piers foi the astronomical, physical, magnetical and 
meteorological instruments 

Mr "W ACKERS had already started the determinations of time and 
latitude The latitude of the pillai of the Universal instrument was 
found to be 1° 19' 27" 5 South , the longitude was approximately 
determined at 100° 33' 3 East of Greenwich 

On the 23"^^ of April the last pillar was ready, the greater 
number of the instruments was already in position, protected by 
huts or sheds of bamboo and atap The long light-tight tube and 
hut for the 40-feet coronagraph were only ready on the 30* of 
Apnl 

The accompanying plan of part of the camp (Plate I) gives an idea 
of the relative positions of the instruments (See also Proceedings, 
Tol III, pages 529—543) 

The adjustment of the instruments occupied the members of the 
expedition up to the last day The task of the other members was 
made much more difficult by the accident which happened to 
Mr 'WiLTBEDiNK on the 3"^^ of May while occupied with Mr 
Nijland with the adjustment of the 10-inch coionagraph, he fell 
from a woodeu scaffolding and broke his right radius Not only 
was the use of his hand strictly forbidden him, but he had to be 
transported to I'adang for a few days, and though after his return 
he constantly assisted the other members with his advice, he was 
not able during the eclipse to take charge of one of the principal 
instruments 

The erection of the magnetical and meteorological instruments 
was started on the 27* of April, under the diiection of Mr van 
Bemmelbn, who arrived m the camp the day before On the 7* of 
May Dr S Figee arrived, accompanied by his son Mr Ts Figeb, 
volunteer assistant On the same day also Her Majesty’s ironclad 
Sumatra^ under temporary command of the lieutenant first class 
GiiLDEEMAN, anived on the road At the same time captain Kerkhofe 
visited the camp in order to study, under the direction of Messrs 






Julius 'ind Nijlald, the objective gr iting spectrograph to be erected 
near the northern limit of totality 
Messrts Muller, Wilteedink and Nijland had in the meantime 
drawn up a programme for the astronomical observations while Mr 
Julius did the same for the physical observations, so that on the 9*^ 
of May tie prxctico dulls with the officeis and men of the 
could begin 

The work was divided as follows 
Chonometers and Sideiostah 5 assistants. 

Large sjjedt ogt aph Mr S Figle with 2 assistants. 

Small spectrograph Mr de Rochemont with 6 assistants. 
Spectroscope Mr Hubreoht with 6 assistants , 

Prmnatic camera Mr Nuland with 4 assistants, 

„ 40 feet” coronagraph Mr Muller with 3 assistants, 

„ 10 cotonagtapJi Mr Wackers with 5 assistants, 

Coronagr aphs on polar axis midshipman Brandt with 10 assistants , 
Photometer Mr van Bemmelen and midshipman Baron Mackat 
with 2 assistants, 

Actinometer Mr Julius with 4 assistants , 

Polarimeter lieutenant v d Esch with 3 assistants , 
Pyrliehometer 2 assiotants , 

Cloud-theodohte lieutenant de Bruyni with 1 assistant , 
Observations of wind 2 assistants, 

Thermometers 4 assistants. 

Atmospheric electricity Mr Th Fiqee, 

Declinometer 2 assistants, 

Drawings of corona midshipman Balsem with 4 assistants, 
Shadowhands and further observations midshipmen Langelaan 
and Budding with 14 assistants , 

Look-out one assistant , 

The total numbei of observers was thus 93, of whom 7 were 
ofiSioers and 68 non commissioned ofdcers and men of the Sumatra 
The uncertainty of the longitude of the place of observation and 
the experiences from former eclipses pointed to the desirability of 
deriving the last warning sign of „ready’’ not from the computation, 
but from the observations of the eclipse itself It was arranged that Mr 
Muller should give this sign, when in the dark hut of the 40 feetcoiona- 
graph the crescent of the sun measured 45® According to computation 
this would occur 16s befoie the beginning of totality Moreover, the 
look-out was to watch the search light ot the English raan-of war 
Pigmy ^ stationed at Aoer Gadang, which light would, at our request, 
be screened off at the moment when totality began at that station 
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Computation tad shown that the shadow would reach the Dutch 
eclipse camp about 15 seconds later 

In the beginning of May the English astronomer Newall, who 
was stationed at Sawdh Loentoh^ sent notice that he had been informed 
by the Nautical Almanac Office at London that the duration of totality 
at Kaiang Sago would be b® 22Mnstead of 6“ 32® It was decided, 
to be on the safe side, to shut all cameras on the 380’^^ second after 
the beginning of totality 


The programme was for the greater part promptly executed on the 
18*^ of May The sky was however lather heavily clouded, and the 
various observations and exposures have all experienced more or less 
the distuibing influence of the clouds Unfortunately, moi cover, the 
nervousness of one of the assistants has made the results of the 
small spectiograph entirely useless 

Owing to the clouds it was not possible to observe the sun’s cresc- 
ent of 45°, the last warning sign was given by the look-out 
Totality commenced 0^19™ 55® (local time) and ended 0^26“^16®, 
the duration therefore was 6^21® The computation according to the 
Nautical Almanac gave 0i'19®58® for the beginning and 0’i26'”30® 
for the end of totality, and therefore 6“ 32® for the duration 

Shadowiands have not been observed, besides Venus s,xid. Mercury 
only Aldebaran and a few stais in Perseus weie visible As a con- 
sequence of the lather lieaYj clouds it was not nearly so dark during 
the eclipse as had been expected, so that the lamps which were 
kept ready have not been used 

Immediately after the eclipse it was known that the spectroscope 
and the small spectrograph had given no results On developing 
the plates it also appeared that the exposure with the large spectro 
graph was an entire failure 

Before mentioning the results of the astronomical and phvsical observa 
tions — the magnetical and meteorological observations are being 
discussed at Batavia — we shall finish the history of the expedition 
On the 22“'^ of May Mr Kbekhoff arrived at the camp with 
the plate exposed by him at the northern limit of totality unfor- 
tunately this plate too brought a disappointment Apparently the 
instrument had been adjusted correctly, but by a misunderstanding, 
and in consequence of the fact that the northern limit was actually 
further North than had been expected according to the computa- 
tion, the moment of observation was not well chosen the observer 
failed to get the phenomenon of the flash and photographed the 
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spectrum of the corona instead, foi which the lens however was not 
rapid enough 

On the 24*^^ of May all instruments were packed and the expedition 
left the camp with the last of the 54 cases Mi Muller undertook 
to have diapositives m ide and to send the cases to Holland Thanks 
to his caie everything has arrived in good order 

At Padang and Batavia Messrs Muller, Julius, Wilterdirk and 
Hijlamd called on some high officials to express their thanks for the 
good caie and many facilities which had been given to the expedition, 
oil the fitii of June they had an audience of His Excellency the 
Governor-Geneial at Buitenzorg, and were invited to dinner in 
the evening 

On the 26* of June Mr Julius returned to Holland, Padang 
he took charge of the negatives Messrs "Wilterdink and Hijland 
left Batavia on the 29* of June to return home via Japan and 
America Befor’e they left they had an opportunity to inspect, at 
the Batavia Obseivatory, many drawings and descriptions which had 
been sent in by amateur observers, who had followed up the sum- 
moning contained in the above mentioned „ Directions for amateur 
observers ” 

We now come to the principal contents of this report, viz the 
scientific results We will treat them in the following ordei 

A The coronagraphs , 

B The spectrographs , 

C The physical observations , 

D The amateur observations 

A Coronagraphs 

With regard to the photographs which were obtained of the corona, 
we are soriy to report that only the short exposures with slow 
instruments have given any decent lesult The long exposuies and 
the exposures with rapid lenses have too much suffered from the 
general illumination of the sky and the illuminated clouds Moreover 
several plates are fogged 

I Polar ax^s with 4 coronagtaphs 
These four coronagraphs were 

a Voigtlander colhnear (the travelling camera R , equivalent focal 
length f = 87 cm = 49 a) , 
a Dallmeter lens (D, f — 153 cm = 15 a), 
a VoiGTLANDER portrait objective (Fi , / = 38 cm = 3 6 a) , 
a VoiGTLlNDBR euryscope (Fa, /= 85 cm = 8 1 a) 



According to the piogramme six expoauies were made, three ot 
1 , 2 and 55 seconds respectively on plates ^Lumiere blem'\ and 
three of 178, 55 and 1 seconds on plates y^Lurmh e jaune'' During 
he long exposures a yellow light screen was used with the object- 
ives Tj en Fg 

Exposure 1 is useless owing to the strong vibration or jolting 
of the apparatus the image has been displaced on some plates by 
as much as 4' 

N* 6 has also failed owing to direct sunlight The long exposed 
plates al’ show the edge of the moon diffused, chiefly through 
irradiation and through the rather considerable motion of the moon 
(which amounts to Vno diameter in 55® and Y 34 diameter in 178®) 
The camera J2, which was only added at the last moment, evid- 
ently was not sharply focussed The only occasion to focus it was 
on the 17*^^ of May, about eclipse-time 

The camera D shows clouds on all plates , Plate 2 however 
IS good, giving polar streamers to a distance of 10', equatorial ones 
to 15' fiom the moon’s limb, !N*® 3 and 4 are entirely fogged 
The camera Vi shows only clouds and fogging 
The camel a Fa also shows clouds on all plates, the images are 
diffused by irradiation, Plate 3 is entirely fogged 

The following summary gives for each of the 1 2 partly successful 
exposures the distance from the moon’s limb to which the corona 
IS visible, expressed in minutes of arc 



Nr 2 

Nr 3 

Nr 4 

Nr 5 

E 

10 

25 

30 

15 

D 

15 

25 

30 

15 

V 

20 

— 

30 

15 


II „10 mch" coronagraph {ObjecUve by Steihheil, 
f = 342 cm = 13 3 a) 

Three exposures (of 2 , 1 and 1 seconds respectively) have been 
taken on plates ^Lumiere jaune'', six (of 50, 5, 216, 5, 1 and 1 
seconds respectively) on plates „Lumiere bleue" 

The plates 1 , 2 and 3 are fairly good though not perfectly sharp 
The corona can be traced to distances of 10', 7' 5 and 5 0 respect- 
ively from the moon’s limb, with prominences and structural detail 
of inner corona N* 7 also shows, besides many clouds, a few 



details of the polai stieameis N‘s 8 and 9 however are entirely 
spoiled by clouds and by direct sunlight 

The plates 4, 5 and 6 were fitted with rotating aluminium screens 
(Bukokhaltbr apparatus) with a view to obtaining faint and bright 
parts of the oorona on the same plate Three scieeiis of different 
shapes had been selected In consequence of the cloudiness, it has 
unfortunately not been possible to bring the moon exactly on the centre 
of the plate, and to keep it there, so that the axis of rotation of 
the screens did not coincide with the centre of the moon’s image 

4 on one side shows details of the structure of the corona, 
6 shows the corona to a distance of 20', 5 to 15' from the 

moon’s limb, the rotating screen of this plate evidently was too 
small, so that the corona-streamers are lost in the completely fogged 
outei parts of the plate 

III „A0 feet" cotonagiaph (f = 11 77 m = 91a) 

This lens was most kindly lent us by the Superintendent of the 
U S Naval Observatory, Washington D 0 , to whom we tendei 
most cordial thanks 

The oiiginal size of the plates was 50 X 60 Having satisfied 
ouiselves that no paits of the corona, nor any stai s would be lost by 
the proceeding, we cut them down to 24 X 30 in order to ensure 
a safer transport During this operation n^ 2 was broken into three 
pieces, without spoil ng, however, the essential parts of the image 
On N 1 (^/s sec Lumiete hleue) accidently three exposuies of 
different durations have been impressed, some of the prominences 
have consequently gained m details, while others are smudged together 
and unfit for measurement 

2 (20 sec Limiu e jaune) shows very fine piominences and 
complicated details of the inner corona, which forms dome-shaped 
arcs round the prominences 

3 (40 sec Lumiere bl(ue) is nearly as good as the former 

4 (180 sec Lwmete bleuc) This plate wis fitted with a 
large rotating scieen According to the programme a short time 
before the beginning of totality the mirror of the coelodat should 
be definitively adjusted so as to throw the image of the sun exactly 
on the centre of the plate Notwithstanding the aperture was 
greitly reduced, the sunlight was still so strong that Mr Mullpe, 
faring a fogging of the freely exposed plates, dared not admit the 
sunlight for more than a single moment The image of the sun appar 
ently has fallen much too high on the plate, so that the centre 
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of rotation of the wing did not coincide with the centre of the 
moon’s disc but with a point nearly on the moon’s limb 

Consequently this plate shows details of the corona on only one 
side, moreover the image is diftused in the diiection fiom East to 
"West, probably owing to an iiregularity in the motion of the driving 
clock of the coelostat 

5 (120 sec Lumiete jaune) shows the same want of sharpness, 
which heie also exists in the direction from North to South Pio- 
minences and „Bmley's leads” are elongated and useless 
Nr 6 has little value owing to direct sunlight 

B Spectrographs 
1 Three Prism Spectrogt a;ph {f = 1 1 a) 

An exposure of 340 seconds on a panchromatic plate of LuMiiiRB 
has not given the slightest trace of the spectrum of the corona 
The width of the slit was V 40 On this plate and on the one 

exposed immediately afterwards air spectra of 20 to 60 sec exposure 
are very well measurable, some of them have even been over exposed 
Also the iron-spectrum given by a small coil and Leyden batteiy 
in 3 5 minutes is well measurable The plate is entirelj fogged, 
which 18 evidently due to the development, since the edges, which 
were not exposed, are also fogged The plate cannot have been 
spoiled or stale, since proof plates taken from the same batch and 
exposed on the preceding days are very clearly developed, ana are 
enniely clear up to the edges The mattei is at present entirely 
inexplicable, since at all events the clouds should have given a 
spectium 


II Two P? tsm Spectrograph {f — 3 5 a) 

The exposure with this insliument has entirely failed, the assistant 
charged with the control of the running plate having lost his pre- 
sence of mind The plate shows very strongly the spectrum of the 
last crescent of the sun (exposure 5® on moving plate) It has 
however been stopped exactly in the moment vs hen the first flash 
spectrum was to be impressed on it, though according to the pro 
gramme it ought to have moved on for another 5 seconds The plate 
has then remained unmoved for some time and shows, adjacent to the 
above mentioned spectrum, a strongly ovei exposed spectium, by which 
everything in the neighbouihood is fogged Next the plate ought 
to have been brought to its middle position for the exposure ot the 
corona In this operation the lines of H and Ca have just been 



imprpssed, and are visible on the plate On the ni ddle of the plate 
however there is no tr\ce of a spectrum, probably the plate has 
not been sufhciently displaced, and the corona has impressed itself 
on the strongly fogged part In this part there are a couple of 
continuous spectra, in which Q is shown as a dark line, not however 
at the proper distance (the moon’s diameter) from each othei Of 
the second flash spectrum there is no tiace 
This plate also is not well developed The width of the slit 
was Voo 


III Spectroscope 

In consequence of the cloudiness no trace of the spectrum of the 
corona could be observed with this instrument 

IV Objective Gtating Spectrogiaph 

As has already been mentioned, the grating camera (/'=16a) 
which was mounted at the noithein limit of the path of totality 
has given no results This is specially to be regretted since this 
locality was fivouied by a veiy clear sky, and since, judging by 
the few crescents of the chromosphere which aie shown on the spec 
trograms, the instrument has been correctly adjusted 

V Ft ismatic Garnet a 

This instrument (Cooke’s triplet, /■= 2b0 cm =17o, two prisms 
of 45° with a total length of bases ~ 31 2 cm ) was fed by a siderostat 
The plates (Lumiei e punch omatique) measuied 16x16 cm, but might 
with advantage have been longei in the direction of the dispersion 
A solar spectium, photographed by means of a temporal ily mounted 
collimator, showed the lines sharp along the whole length of the 
spectrum The focussing was done the night before the eclipse by 
visual observation of the spectrum of Arcturus 

According to the programme 5 exposures have been made of the 
first flash (plate 1), each of seconds by estimation, viz at the 
times — 2®, 0®, -|- 2®, -k 5® and -|- 7®, where 0 is the zero of 
counting (It has appeared afterwards that the second contact, 
which was hardly visible through the clouds, has happened at the 
time — 3®) After this four long exposures weie taken (plates 2 — 5) 
by which it was hoped corona-rings would be photographed, these 
exposures lasted 5, 20, 190 and 60 seconds respectively Finally 
(plate 6) again 5 exposures of the flash were made, each of about 
®/4 seconds, at the times 2®, 4®, b®, 8® and 10® after third contact 



On plate 1 only a small numbei (9) of chromosphere-cresceuts 
are visible , the second contact is badly shown owing to the clouds 
On two of the four coiona plates (Nrs 2 and 3) the ring 
^ 3987 IS but faintly visible, these exposuies naturally being 
much impaired bj the disturbing influence of the clouds 
The third contact appeals to have occurred at a relatively clear 
moment Plate 6 shows a large number (150) of chromosphere- 
ciescents between A 3880 and A 5000, in different phases of the 
flash phenomenon Especially the first exposure on this plate 
(2s after thud contact) is very rich m details The spectrum appears 
to be well focussed o\er its entiie length 
Prof W H Julius has already pointed out^) the veiy remaik- 
able fact that every one of these chromosphere crescents is double , 
the distance of a pair varies from 0 7 to 1 6 t m 

Though we have given much thought to the question, we are 
unable to asciibe this doubling to instrumental causes The distance 
of the components of a pair is in the mean 0 13 mm , i e about 
11 of arc The doubling, though diffeient for different descents 
and for different parts of the same ciescont, has a very decided 
preference for one diiection, inclining 9° (counted from N through 
E ) to the parallel, or 15° to the horizontal, 22° to the ecliptic 
and 29° to the sun’s equatoi 

Though we do not wish to go too much into detail in this preliminaiy 
report, we may be permitted to mention that the most important 
Instrumental causes which offer themselves foi explanation of the 
observed doubling, are the following three 

1 st irregularities in the rate of the diiving clock of the siderostat, 
2“^ a vibration of the prismatic camera or of its paits, and 
3^"^ defective focussing 

On closer examination it appears to us to be very improbable 
that any of these causes has been effective It is true, during the 
last exposures with the 40 feet coronagraph the clock of the sidero- 
stat seems to have performed badly, but all plates of the prismatic 
camera show the same doubling, as well the exposures of sec , 
as those of 60^ and 190% and both at the first and at the last 
flash Moreover there is no question of a diffused appearance of the 

images, but of a doubling, in a direction differing from that of the 
parallel 


0 W II Julius On the origin, of double lines in the speetium of the ch omosphei e , 
due to anomalous dupeieion of the light fiom the photospheie Proceedings Eotfal 
Ac Amsterdam Vol IV, p 196 — 203 
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Plate II 




The opening and elo‘^^ng of the shutter of the prismatic camefa 
might have caused a \ibration, probably chiefly m an horizontal 
plane, the fact however that the doubling is not constant in one 
and the same exposure, and on the othei hand shovs itself in the 
same manner both in the long and in the shoit exposures, makes 
also this explanation entirely unacceptable 

No more can a considerable error ol focussing be admitted, since 
on plate 6 lines are shown parallel to the direction of dispersion 
— Bailey’s beads drawn out into lines by the prisms — which 
have a breadth of only 0 06 rnm 

Finally, as far as we can see, every instrumental explanation 
must fail through the fict that the distance of the components of a 
double crescent is very diffeient for difierent crescents, while also the 
direction of the doubling and the lelative intensify of the compon- 
ents IS variable Moreovei the ooiona-ring X 3987 is, on plate 
3, shatply outlined on the concave side (On plate 2 this ring is 
too faint to state the same fict with certainty) On comparing this 
outline with that of the neighbouring descents of calcium (H and K), 
which are very distinctly double on the same plate, there can haidly 
remain any doubt is to the reality of the doubling of the chromo 
sphere-lines The light of the coiona rings on the othei hand appears 
to be more purely monochioraatic 

A repioduction of pait of the first exposure on plate 6 is appended 
to this preliminary report (Plate IT, enlargement about 4 times) in 
order to enable the leadei to form an approximate idea of the 
character of the double lines The original negatives of course show 
many moie details, such as Fraunhofer lines, etc, which would also 
be visible on a darker copy This copy has however purposely been 
kept fainter, in ordei to bung out clearly the almost linear flash 
spectrum formed by the lowest of „ Bailey’s beads” The wave lengths 
given in the figure are lelative to this spectrum 

Enlargements of the othei exposures will be published afterwards 
The doubling which was observed by us is al«!o shown on previous 
flash-spectrograms, it appeals however not to have drawn the attent- 
ion of observers See e g the crescents of I 4584, 4572, 4564, 
4554, 4560, 4534, 4501, 4472, 4341 etc in the spectiograms which 
were obtained by Fowleb with the „6 inch Prismatic Camera” during 
the eclipse of Jan 22 1898 

"When once the attention has been directed to this point, on these 
photographs too nearly all the crescents appear double, though less 
distinctly 
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The appended diagram (Plate III) gives a summaiy of the times 
of exposure of the coiomgraphs and the pn matic camera 

C Physical observations 
I The polai izahon of ihe light of the cot ona 

The aim of Ihe observations of polarization was to measure the 
proportion of polarized light in as many well determined points of 
the corona as possible 

The observations have been made in an excellent manner by 
lieutenant T J van der Esch and four assistents 

Before the day of the eclipse the obsei vers had repeatedly practised 
on an artificial corona, under ciicumstances as similar as possible 
to those which were expected during the eclipse This artificial corona 
gave in the telescope an image of about the same size as that of 
the real coiona, its light wao partly polarized in radial planes, while 
the propoition of polarized light could be altered at will, so that 
control was possible The observers got so veil m practice that 
they were able to measure the proportion of polarized light on 12 
aibitririly selected points within 6 minutes, and to read off the 
coordinates of these points 

A few minutes before the beginning of totality, as well as a few 
minutes after the end, the diffused light of the sky round the sun 


s 



N 

% 1 


(at a d stance of about one diameter from the sun’s limb m the direct- 
ions North, East, South and West) was analyzed to decide whether 




The hatched spaces denote exposures m which Burckhalter screens were used 


Total Solar Eclipse 1901 Dutch Observations 

Plate m 
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any atmospherical polarization was shown This was however not 
found to any appreciable amount 

Mr VAN DEE Esoh has succeeded during totality in making com- 
plete measures on 11 points of the corona The result is given in 
the following table The position angles are counted from North 
through East, the radius of the moon is 13,5 mm Fig 1 sho'ws 
the positions of the points chosen The image of the moon and the 
aperture of the diaphragm, (1 1 mm)®, are drawn at their real size 
The light admitted through this apeiture was analyzed by a modified 
polanmeter of Ooenu 


Nr 

Position angle 

Hadius vector 

Reading of 
analyzer 
c& 

Proportion of 
polarized light 
cos 2 e& 

1 

i 

218, 

15 mm 


0 242 

2 

218 5 

20 

34 

0 375 

3 

145 

14 

37 5 

0 259 

4 

15o5 

15 

43 

0 070 

5 

136 5 

22 5 

4) 

0 000 

0 

73 5 

15 

3b 

0 242 

7 

73 5 

20 5 

42 2 

0 098 

8 

73 5 

22 5 

45 

0000 

9 

48 

14 

38 2 

0237 

10 

48 

18 

31 

0 375 

11 

48 

24 

41 

0,035 


It appears from these numbers that the light of the corona at a 
certain distance fiom the sun s limb is more strongly polaiized than 
in the neighbourhood of that limb At still greatei distances the 
polarization decreases again That the obseivation Nr 4 has given 
a smaller proportion of polarized light than Nr 3 must probably 
be explained by the fact that the pointing was made on one of the 
dark rifts 

All the observations having been made through clouds the question 
naturally arises how far the result of the observations can have 
been disturbed by this circumstance It might be that a cloud or 
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haze, like a piece of frosted glass, had an appreciable depolarizing 
influence on the transmitted light 

An investigation about the influence of haze on polarized light 
has been taken in hand in the physical laboiatory at Utrecht, but 
has not yet been fanished As the result of preliminary experiments 
we can only mention heie that most probably the measures of the 
polarization of the light of the corona have only slightly been 
disturbed by the pieoence ot clouds If the sky had been cleai, 
the mam results would have been the same 


II Heat-t adiation of the corona 


In a much higher degree than the light rays the dark heat rays 
are intercepted by clouds and haze The conditions were thus 
very unfavourable for the measures of radiation, and this ciicum- 
stance is so much the more to be regretted since the observations 
have shown that in clear weather the ratio between the total radi- 
ation of the corona and the total radiation of the uneclipsed sun 
would undoubtedly have been successfully determined 
The method of observation was very simple A very sensitive 
small thermopile (consisting of 8 couples of alloys of bismuth whose 
total exposed surface occupied a ciicle of 5 mm diameter) was 
exposed without the intervention of either lenses or mirrois to the 
radiation of a circular patch of sky of 6° diameter 

The anparatus was mounted parallactically and could easily be 
kept in such a direction that the eclipsed (or non-eclipsed) sun 

remained in the centre of the field of 3° 

If we take as unit tne ladiation which will give a deviation 
of one scale-division, when the resistance in the circuit and 
the sensibility of the galvanometer have the same values which 
they actually had duiing the pointings on the corona, then the 

strongest raoiation we observed during our stay in the camp 
IS represented by the number 1941000 On cledi days (e g 
on the 6th of May) the observations ran very regularly At 7^58® 
a m (in this section of the report we use civil time) of that day 
the radiation was 1457000 , it increased with small oscillations 
caused by invisible haze to 1902000 at 1211 0® 

Not quite so legular but still very satisfactory were the readings 
on the fairly clear days of the 14*, 15* and lb* of May On the 

17* no obseivations were made on account of the heavy clouds. 



and on the morning of the 18* \ery disco^’dant deviations of the 
galvanometer were obtained, clouds continually passing before the sun 

During the time between the fiiot and second contacts only 26 
determinations of radiation vere made at moments when the clouds 
were not too thiCK The direct radiation of the sun on the little 
thermopile at 10*' 46® 10®, (i e about 20® before first contact) 
amounted to 1762000 The diminution which in the case of clear 
weather could have been followed step by stejp, now of course took 
place very irregularly A.t 12** 18“ 54®, i e 61® before second contact 
we observed through the clouds an intensity of radiation of 604 

A.fter the beginning of totality the thermopile was directed in 
succession to four points of the sky, situated to the North, East, 
South and West of the sun, each at a distance of 3° from the disc, 
and between each of ^hese exposures it was exposed to the corona All 
these fields were filled by clouds The readings of the galvanometer for 
the four fields round the corona showed irregular differences (varying 
between — 9 and + 1 scale-divisions) compared with the readings 
for the central field It was not possible to deiive from the oberva- 
tions an estimation of the radiation of the corona, but the numbers 
obtained seem to point to the conclusion that the radiation of the 
corona cannot be much larger than the observed differences between 
the radiation of neighbouring groups of clouds The full moon would, 
in a clear sky, have given a deviation of 22 or 23 scale divisions , 
the radiation from the corona seems to be of the same ordei of 
magnitude 

One thing is certain, viz that our results cannot be made to 
agree with the opinion of Deslandkbs that it is possible to measure the 
heat-radiation of the corona without an eclipse (C R OXXXI p 660) 

After third contact the surroundings of the sun were comparatively 
clear for a few minutes, but soon afterwards the clouds came on 
again The observations were continued at intervals to 1** 12“ when 
they were discontinued, the results being consideied untrustworthy 

Ihe large influence of the clouds on the heat ladiation is shown 
by the fact that 8 minutes before 2"'! contact the transmitted 
radiation was 455, while 8 minutes after 3'** contact it amounted 
to 74300 

Every precaution had of course been taken to make the instru- 
ment practically insensible for alterations of temperature in the 
neighbourhood Alterations within the above mentioned field of 
3® diameter were the only ones that were recorded by the galvano- 
meter 
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III Absolute amount of solar radiation 


A number of observations were made with the electrical com- 
pensation-pyrhehometer of Angsteom on different dates and also 
on the date of the eclipse, but the great variability of the weather 
and the continual high percentage of aqueous vapour in the atmo 
sphere are the reasons why the western coast of Sumitra is a very 
unfavourable region for obtaining good series of observations of 
absolute solar radiatmn 

The number of gram calories pei minute per square cm on May 
18 at 10*1 45m a, rn was 

Q = 1,23 

Very seldom a laiger value than this was found during any of 
the days preceding the eclipse , only once we found 1,35 

At Tenenffe, at a small elevation above the level of the sea 
Amgstkom found Q — 1,37, the sun’s altitude being 70° It appears 
therefore that even on clear days in the coast-region where we 
stayed the heat-radiation is to a considerable extent absorbed by 
the atmosphere 

We intended to make observations with the pyrheliometer during 
the partial phase of the eclipse so long as the heat-radiation would 
be sufficiently intense, m order to check the simultaneous results 
of the thermopile, and to convert these latter into absolute measure 
This end has however not been attained , owing to the exceeding 
variability of the radiation the pyrheliometer ceased to give reliable 
results soon after first contract 

D Amateur observations 

The ^Directions for amateur observers” contained a recommenda- 
tion for the following operations 
I drawings of the corona, 

II photographs of the corona, 

III photographs of the landscape during the different phases of 
the eclipse, 

lY observations of „shadowbands” , 

Y meteorological observations, 

YI further observations about 
a the colour of the corona, 

b the visibility of the corona before and after totality, 
c the colour of landscape and sky, 
d the visibility of stars 
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Limiting ourselves in this preliminaiy report to those points fiom 
which possibly a result of some value can be derived, we -will omit 
the observations mentioned sub III and VI 

I The drawings of the corona, of which a faiily large number 
(39) has been sent in, show much smaller discrepancies than have 
generally been recorded before (See e g Abbe’s report of the total 
eclipse of July 1878) This fact must be ascnbed to the care with 
which evidently the observations have been prepared 

Probably the policj recommended in the „Directions”, and which has 
been followed up by several observers, of making one person respons 
ible for only one quadrant, or one half of the corona, has done 
much towards securing a good result, while also the long duration 
of totality (maximum 6m 4) naturally was a very favourable cir- 
cumstance 

In the following table the localities have been arranged fiom West 
to East 


LOCAL! 11 

Number of drawings 
of corona 

Quality 

Bemarks 

i^ort de Kook 

1 whole lud 8 quadr 

fail 


Padaug Pandjang 

00 

good 


Kaiaug Sago 

\ tf tf 4 (T 

fail 

paitly clouded 

Pajacombo 

5 // 

fair 


Moeara lambesi 

1 » 

useless 


Blin]oe 

1 y and 2 halves 

very good 


Poatianak 

1 r IT 4 quadr 

very good 


Moeara Djawa 

¥ 

fair 


bamannda 

9 

good 

cirrus clouds A screen 

has been used to cover 
the bright parts of the 

corona 

Saparoea 

2 y and 8 quadr 

very good 


Banda 

1 y / 8 tt 

fair 


(jrisser 

3 y 

fair 


Total 

39 drawing 




These 39 drawings of the corona provide, m our opinion, very 
useful data for a definitive picture of the corona independent of 
the photographs, and which may be a real contribution to our 
knowledge of the corona of 1901 

II Of the 69 photographs of the corona whichi have been sent in, 
made on all soits of plates with all sorts of cameras, 15 appear 
to be practically useless The quality of the others is given in the 
following table, where 

1 means all but useless 

2 „ fair 

3 „ good 

4 „ very good 

5 „ excellent 

The second column gives the diameter of the image o^ the oun 
in millimeters 


LOCALITY 

O 

Quality 

Total jj 

Ee marks 

d 

2 

3 

4 

5 

Padang 

5 


2 

3 

d 


C 


Fort de Kock 

1 

1 

1 




2 


// 


1 

1 




2 


ff 

3V2 




1 

5 

6 


Djambi 

2 

1 





d 


Blinjoe 

2V 


d 



5 

6 


tf 

2'A 


2 


4 


6 

film 

Poutianak 

2 




d 


d 


Samariuda 


d 



d 


2 


Donggala 


3 

2 

d 





Saparoea 

3% 



2 

3 

d 

6 


Banda 

IV 2 





4 

4 


// 

2% 


1 



2 

3 



4 




3 


3 


Total 


7 

dO 

6 

d4 

d7 

54 



Further informations must still be provided about the name of 
the locality denoted by ? The three photographs sent m from that 
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locality would have been excellent if not by an unjudicious treatment 
the sensitive film bad been damaged 


IV Reports about observations of shadowbands have come in 
from the following localities, again arranged from "West to East 
A + sign in the 2“^, 3^^, 4*, and columns respective!} 
means that the shadowbands have been observed on an horizontal 
plane, on a vertical plane, before totality, after totality, and that 
details are given about their motion The 7* column gives some 
lemarks about the cloudiness 


LOCALITY 

hor 

vert 

before 

after 

motion 

Cloudiaess 

iort de Kock 

+ 

+ 

+ 

+ 

+ 


Padang Paiidjang 

+ 

— 

+ 

+ 

+ 


Karaug Sago 

— 

— 

— 

— 

— 

partly clouded 

Pajacombo 

+ 

+ 

+ 

— 

— 


Moeara Tambesi 

— 

— 

— 

— 

— 

lightly clouded 

Djambi 

— 

— 

— 

— 

— 

half 

Bhnjoe 

+ 

+ 

+ 

+ 

+ 


Pontianak 

+ 

— 

+ 

— 

— 


Boeutok 

— 

— 

— 

— 

— 


Moeara leweli 

+ 

— 

+ 

— 

+ 


Moeara Djawa 

— 

— 

— 

— 

— 

lightly clouded 

Samanada 

+ 

+ 

+ 

+ 

+ 

AT ff 

Donggala 

+ 

— 

+ 

+ 

+ 


Posso 

— 

— 

— 

— 

— 

cloudy 

Saparoea 

+ 

+ 

+ 

+ 

+ 


Baada 

+ 

— 

+ 

+ 

+ 


Gisser 

- 

— 

— 

— 

— 

clear 


We further append a list of the localities mentioned m this 
account, their co ordinates and the duration of totality 
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LOCALITY 

Long E 

Lat S 

Dura- 

tion 

^ LOG ALITY 

Long E 

Lat S 

Dura 

tioa 

Banda 

129® 9 

4 5 

3in0 

Moeara ianibe i 

103 1 

1° 4 

5m 1 

Blinjoe 

105 7 

1® 6 

2m 0 

» ieweh 

114° 9 

1° 0 

5m 7 

Boentok 

00 

o 

1° 1 

5m 7 

Padang 

100° 3 

o 

CO 

6m 2 

Djambi 

103° 6 

1° 6 

4m 3 

Padang Pandjang 

o 

o 

o 

0 5 

4m 3 

Longgala 

CO 

o 

o 

O 

3m 6 

Pajacombo 

lOO 6 

o 

O 

2m 6 

Bort de Kock 

o 

O 

O 

CO 

o 

O 

2m 8 

Pontianak 

109° 3 

o 

o 

O 

5m 7 

Gisser 

d30° 9 

' 3 9 

4m 4 

Posso 

120° 8 

CO 

o 

5m 1 

Karang Sago 

100° 5 

1° 3 

6m 4 

Samarmda 

CO 

o 

0 5 

4m 8 

Moeara Dja’wa 

117° 2 

o 

O 

5m 5 

Saparoea 

128 6 

3° 6 

4m 4 


V The meteorological observations which have been sent in, will 
be discussed at Batavia 
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TOTAL ECLIPSE OF THE SUN, 

May 18, 1901 

Bepottb on the Dutch Expedition to Karang Sago, Sumatia 


BY 

Dk A A NIJLAND 


On October 14, 1898 the wiiter visited Mr P W Jakssen, of 
Amsterdam, to call m his financial aid on behalf of a Dutch exped 
ition to India for the obseivation of the total solar eclipse of Maj 
1901 Mr Jakssek, foimerly Diiector of the Deli Maatschappij, is 
very well known, not only in Amsterdam, but all over Holland, for 
his philanthropy and his libeiality towaids artistic and scientific 
affairs He immediately took a lively interest in this National scient- 
ific enterprise , he at once gave a considerable sum to inaugurate 
an Eclipse Fund with, and thus made it possible to take a first step 
towaids the pieparation of the expedition on October 28, at a 
dinner given bv Prof Dr J A C Oudemans, the writei suggested 
the plan of a Dutch Eclipse expedition to a few astronomers, who 
were amongst the guests 

As a consequence of this suggestion, thiee pieliminaiy meetings 
were held in the Trippenhms at Amsteidam, which were attended 
by Prof Dr J A 0 Oudemans of Utrecht, Prof Dr H G v d 
SaIiDE Bakhutzen of Leiden, Prof Dr J C Kaptbtn of Gioningen 
and the wnter 

At the first confeience (1898 Nov 26) the plan was provisorily 
discussed and proved capable of execution Information about the 
most suitable methods of observation shall be gathered fiom various 
experienced eclipse observeis Special attention shall be paid to the 
weather conditions along the shadow path, as not only a Dutch 
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expedition is to be prepned, but also many foieign eclipse obserscrs 
may be supposed to come to India for this remaikable eclipse, who 
ought to be able to get full infoi matioii about this essenti il point 
At the second meeting (1899 Tin 28) httcis wlil read, contain- 
ing the Yiews ind suggestions of seveial distinguished istionomers 
(Prof C A Toung, Pi of G E Hall, Piof H C Yooli) on 
eclipse matters and the best way to tike advantage of the veiy 
long duration of this eclipse (0™ 5) A pieliminaiy piogramme of 
obseivations wis diawii up , x lough estimate of the costs was 
made (/'SOOOOi)) and the meins to get the necessary money were 
discussed Mr v D Sandl Bakhuyzin had alieady requested 
Dr J P V D SrOK, Diiettor of the Magnetisch Mdeoiologisch 
Ohset vatorium at Batavia and Msjoi J J A Muili-k, Coram xnder 
of the Tiiangulatie hrigncle van den topog)afibclie i dioibf, also at 
Batavia, to provide information about (he localities best situated foi 
the observations and about the climatologic il conditions prevalent in 
these places 

He had also addressed himself to His Excellency the Colonial 
Minister with the icques* to suppoit the necessary mvestig itioiis, 
and to promote the interests of the expeditions to be sent out, both 
from the Hethulinds and fiom foreign countnes 
At the third conference (1899 April ^2) tin viiitu lepoitid tint 
he hxd succeeded m increasing the Eclipse Fund to neaily f 23 000, 
thinks specially to the libei ility of Bi'on G Roslhtiial of Amstci 
dim, who coiitiibutod a con^idei ible sum At the wiitci’s lequest 
it was decided to cxll in the aid of the KoninklijLe Akademte van 
Witenschnppen (Academy of Saenees) at Amsteidam Accoidingly, 
at the meeting of the Natuui hind kjc afdeehiig (Physic il section) of 
May 1899, on the piopooal of Mi v d S\ndl Bmchuyzin, ui 
^Eilip'i-Cominibbie'’ wis norainited, consisting of the istiononin il 
meinbcis of the Aoidcmy, Mesbis H G v D bxNUL Hakhuyzia, 
J A C OuDiMAXS, J C Kaptlyn xnd Di E F v u Sandl 
BumuYZLN (of the Leydin Obsei v itoij), iiid, is the physicist of 
the Coiuimtke, Pi of Di W II Julius, of Utiecht 

d he E C WIS lutho i/id to assuno as fuithoi members Di i U 
WiLii blink (of the Leyden Obseivatory) and the wiiter In June 
1899 Di J P V D SrOK, who hid in the ineinwhile lesigned 
the Directorate of the Batxvix Magnetical and Mcteoiologic il Obsei v 
atoi), came to Holland and also joined the E C 

In the years 1899, 1900 and 1901 nine meetings weie held I 


1) f 300 = 120 $ = 25 £ = 600 frs = 500 ML 
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shill give a bhoit chioiio’ogicil account of the pioceedings of these 
meetings and of whit has been furthei done in the inleiest of the 
expedition 

At the hist meeting of the E C , 1899 July 25, Mr H Q y D 
S BAKiiUTZFur was called to the Chair, the wiiter was lequosted 
to act as Socrciaiy and Tieisuicr Ihi pi me pies on "which a pio- 
gramme of observation should be based, weie discussed m the first 
place the spectrum of the coiona and of the sun’s limb (flash spec- 
trum) shall be studied , second in oidei of importaneo will be the 
photognphy of the corona, in the third place attention shall be paid 
to other astionomicai, phjsical and mcteoiological phenomena Foui 
subcommittees "were nominited to woik out these pimciplcs Messrs 
KaptI'YN and Wiltludink will iipoit on the spoctium of the corona, 
Mr Julius a^d the "wnter on the spectium of thi flash, Mossis 
II G and El Y D S Bakiiutzin on the pliotogi apliy of the 
corona, Messrs yan die Stok and E F Y D S Bakiiuyzfn on 
vaiious astronomical, physical and meteorological obseivations 

Ml WiLTERDiNK and the writer will tiavel to India to take chaige 
of the observations, whereas Majoi Muller, of Batavia, will be 
icquested to act “"s chief of the expedition in India 

Finally, the President lepoited that at the lequcst of thcGovcin 
ment. His Excellency the Gouiemeiit Genet aal lan NiAetlandsch 
Indio had chaiged i\\QKomnlUyleNatuu)'LundigeVete»nigwg(Koj<\\ 
Physical Society) at Batavia with the pieparitives of the expedition 
m India This Society nominated (May 1899) an Indian Eclipse 
Committee, consisting of Mr Muller, Dr S Figee, who had suc- 
ceeded Ml YAH DER Stok as Diiector of the Batavia Obsenatoiy 
and Mr A C Zeeman, Inspector of the Gouvet nementsmat me etc 

At the second meeting of the E C (1900 Jan 7) three reports 
were read, by the subcommittees afore mentioned, viz 
1 ‘ on the spectrum of the corona , 

2"'^ on the spectrum of the flash, 

3^'^ on the photography of the corona 
The spectrographical equipment shall consist of 
a 6 inch Piismatic Cameia and a slit spectrograph with modeiatc 
dHporsion (2 compound prisms) for the general study of the spec 
trum of the corona and for the flash-spectrum, 

a slit spectiogiaph of gieat dispersion (3 compound piisras) for 
the study of one particular wavelength of the coronal spectrum at 
r c E ad \\ lull’)'? of ihu 'jUiu disv 
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These instiumenh shall be ferl by two double polar sideiobtds 
(diametoi ol the iniuois 20 cm) 

Mr ’WlLlLRDiNK and the wiitoi wtic authonzed to cntei mto 
ne^otiitious with P GAuniii (Puis) on the sidtiostats and with 
Th Cookl and sons (Yoik) on the Piismatic Camera Ihey shall 
go to Potbdim, m older to consult Piof J Scheinlr on the con 
stiuction of the slit spectrogi iphs, and to visit Toepi fee’s woikshops 

Two objective glis^cs wcie stated to bo vviilablc foi the constiuc 
tion of Goioiugi iphs a 10” Speinheil lens (« = 2b cm , /"= 842 cm ) 
belonging to the Utitcht Obseivatoiy, and a 4" Dalimeyir lens 
(a= JO cm, f= 153 cm) belonging to Teylei s Museum in Haar 
lem , these lenses shill bo mounted on polu ixes ABurckhalier 
oppiiitus (lotitmg „eontrolling” diaphiagm immediately m fiont of 
the plate) shall be used in connection with the 10" colon vgiaph 

Fiom Jin 21 to 2b 1900, Mi Wilterdink and the wiitei 
visited VoiGlLANDEu’s sliops at Biunswick and these of Toepffcr 
at Potsdam, m oidei to discuss the optical and the mechanical puts 
of the slit-spcctiogiaphs 1 hey enjoyed a hearty ind hosmtable welcome 
and obtained man> valuable suggestions fiom Pi of J Schiiner 

At the third meeting of the E C, 1900 Jan 27 a repoit of 
the Potsdam tiip was lead, in agieenient with the conclusions of 
tins repoit the thiee piism spectiogiaph shall be constiucted so os 
to suit best the study of the blue line P 4233, this line promising 
bettei lesults than the chief coionil line X 5303 

A Cooke’s diiect vision spectioscope belonging to the Utiecht 
Obseivitoiy shill fuithei be mounted on a 4" Sieimiejl telescope, 
to visually observe the flash and the gieen coional line 

Ml WiLTLRDiNK and the water weie authorized to trivel to 
America, iii oider to study Ameiican methods of eclipse obseiving 
and at the same time to expeiience the emotions of then hist total 
eclipse (1900 May 28) 

Accordingly, fiom May 3 to July 2 1900, they visited the U S 
of America and inspected several eclipse camps along the shadow 
path At Wadesboio’ N C they visited Prof Youeo’s camp and 
the combined camps of the Yeikes Obseivatory (Prof Hali , in 
charge, Piof Bernard and others) and of the bmithsoman Instt 
tut on, undei Piof Abbot At Barnes ville, Ga they met Piof Lord 
and the Lchpse puty of the U S Naval Observatory under Prof 
Brown At Ihomaston, Ga finally they spent foui diyb in the Lick 
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Obsendtoiy camp (Prof Campbut hi cliuoo, Piof Pi rum, md 
otheis) 

E^elJwheIe they met Titli i most eoidul and liundh Tihome 
Btbides, they were e\trcmel} happj to be allow ed bj Pi of Campblil 
to take pa It in the eclipse woik not only as inteicsted speetatois 
but as astionomeis Thty assisted at and went thiough the Kgulir 
piactice drills at the Lick camp The adv intage to be g lined theie 
Pom for piepanng them foi similai woik at the coming eclipse 
must be evident 

When the eclipse was successfully observed, Mi Wiltpi dimc 
and the wiitei visited severil Ameiican obsen atones (Yeikcs, Piin- 
ccton, Yale, Hxivnd, Washburn, Dearborn and the Nivxl Obsen 
atoiy) paitly to see some of the results obtained, and to tike 
adv intage of the hints suggested by this newly observed eclipse, 
partly merely to become person illy acquainted with Americ in astron 
oniers and observatories 

They expiess then most coidial thanks to then Ameiican fcllow- 
astionomers, Profcssois Yourg, Hale, Pickering and Crlw for 
their kind hospitality last but not least at the initiitive of Pi of 
Brown, Captain Dams, Superintendent of the U S Nival Obseiv 
atorj at Washington, D C , lent them one of the seven 40 foot 
lenses (a = 13 cm , / = 1177 cm) purposely made for the Venus 
transit of 1874, and thus completed, in a most satisfactoiy way the 
instrumental outfit of the Dutch expedition 

At the fourth meeting of the E C, 1900 Aug 3, the President 
reported, that the. Eclipse Fund had increased agiin, tLinks to s veral 
liberal gifts fiom private persons and Scientific Societies, and thinks 
piincipilly to a subsidy from the Nothoilinds Govciiiiiicnt ind ano 
ther from the Indian Government With the most viluable Aineiie in 
40 foot lens, two rapid lenses, to be bought at VoiariANurR’s, 
and an oidinaiy caraeia from Ernemann with a Voigplandfr 
colhnoai, thcie will be six coionagiaphs, presenting a wide i inge 
in J-/a (\i7 ftom 3 6 to 91) Mr Julius was requested to ]oin the 
expedition as a physical obseivei The Indian Echpse Commiftee 
(to be mentioned hereafter, sco p 10) shall be loqucstod to provide 
a profession il photogiaphei and a mechanic, and to entei into 
negotiations with the Indian Government in ordei to have a ram 
of-war and a Goveinment steamei placed at oui disposal 

At the fifth meeting of the E C , (1900 Sept 8), it appealed 
from a letter from Mr Muller, that the I E 0 had ahead) 
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taken many bteps (to be mentionel heioaftor) tow aids the pi operation 
of the expedition Thus eg they had antuipitcd the wishes of the 
Home Commitlee in icfercnco toamin of war ind xGo\( inmont str <111101 

As a (onsequeiice of a repoit load b) Mossis V l) Siok and 
E F Y D S Bakhuyzin on physical olroivxtiors (see p 5) tlie 
mstiumentil equipment shill be completed bj a Wldfr photoniotti , 
a pohrimctei and tfto pj rholionicters , mz an VvObiiioM com 
pensation p}iheliomctcr foi the ibsolutc amount 0 / the coional 
heat radiition, and a licit actmoinctci loiisti iictcd without mitroi 
or leis, which wis devised by Mi Julius, so is to bi cipible of 
rcgistcnng stop by stop the heat ladiition of the non eclipsed ind 
eclipsed sun For puiily nicteoiologic il observitions a consultation 
shall be held with Mr Fiqei- at Bitivii 

At the sixth meeting of the E C (1900 Nov 24) the locality 
foi the erection of the Dutch eclipse camp wis dcfaiiitivolj chosen, 
in accoidince with the advice of the I E C a picci of suidy 
soil, at the West coast of Sumitia, on the sci shoie, botwocii the 
lampongs Kmang Sago and Salido, 011 the highwmy fiom Tatoesan 
Bag to Patnaii A lettci of Mi Muli lk wis lead repoiting on 
vinous iiiiportaiit steps (see p 12) tikcii by the I E C Thirty 
setb of 24 luge scale topogiaphical maps of the path of totility 
have been leccived fiom the Indiin Govtiniiidit those mips will 
be distiibuted amongst such foicigii obscivitoncs and istronomois 
IS may be supposed to plan an expedition to India Ihe Bitivia 
Committee published a papei (see p 11) entitled „Iiifoimations 
for observing jiaities and climatological conditions along the trick 
of the moon s shadow ” 

It is decided that one of the double polar siderostafs will carry 
a coelostat miiioi (diametei 25 cm) to piovido a beam of coiona- 
light foi the Amencin 5 inch lens, wliuh is to be plicod m fiont 
of a hoiizontal tube, at the other end of which a fiame cariyiiig 
the plates shill be elected m a lighttight hut A sniill giating 
cimeia shall be mounted neii the Noithcin limit of totility, 111 
01 del to photogriph the flash spectium undci special conditions 

At the seventh confeicnce of the E C (1901 Febi 231 the Pro 
sident read a detailed dcsciiption of the instiumcnts available, for 
which the reader may be refeiied to the Pioceedings of the Royal 
Academy at Amsteidim, Vol III, pages 029—543 

A pipii cntit ed ^Ko)te Ilandlcidmg vooi hot leHiditeu lan 
emvoudtge wamnemngen'\ containing directions and suggestions for 
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amatpur eclipse observers, has been composed by Mc'^srs Julius, 
Kaptlyn, van deb. Stok and the wiiter It was sent (Jan 1901) 
to Batavia, printed at the y,Landsd7 ukhei ij" (Grovernraent Pnnting 
Office) and distributed in 500 copies amongst the officials and inhab 
itints of the path of totality, and amongst the officois of sever il 
men-of v ar and trading vessels The Kor te Ilandletdtng treated 
various subjects, viz 

I diawings of the corona , 

II photographs of the corona, 

III photographs of the landseipe duiing the different phases of 
the eclipse , 

IV observations of „ shadow bands” , 

V meteorological obseivations , 

VI further observations about 
a the colour of the corona , 

h the visibility of the coiona before and aftei totahtj , 
c the colour of landscape and shv , 
d the visibility of stars 

Messrs Julius, van deb Stok and the writei have drawn up a 
piogramme for the times of exposure with the various eoionigi ipbs 
Veiy shoit and very long exposures aie planned the latter shall 
be handicapped by a lightfilter or by a rotating BuRCKHALrEB dia- 
phragm The foul camel a’s that will be attached to one polai axis 
shall have identical exposuies Reduced to /7a = 15 and to the sensi- 
tiveness of plates Lumiere bleue, the 39 exposures to be made with 

the SIX coronagiaphs (see p 7) will langefrom^ and ^ seconds to 

200, 240, 272 and even 1350 seconds, the shortest exposure will 
be taken with the American 5 inch lens (f/a = 91) on Lumitre 
bletie, the longest one with a very lapid Voigtlandbb portrait 
objective (//„ =3 6) on Lumtere jaune, using a yellow lightscreen 

The members of the expedition appointed by the Ii,chpse Committee, 
Messis Julius, ‘Wilteudink and the writer staited on their voyage 
about the beginning of March, Mr VITiltlrdiuk tiavellmg i/ia Pans 
in order to look into the process of the silvering of glass miiioisat 
GAuriER’s shops, and to buy the necessary ingiedients The expedi- 
tion has got an official chaiactei by a Government xppointment, 
so that the jouiney will be made on H M's Service At Genoa 
they met Mr J B Hubbechi, phil nat cand (Utrecht), who had 
been permitted to assist the expedition as a volunteer 

The SS Komngin Begentes left Genoa on March 9 On boaid 
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were seveial Ameiican and English astronotneis, who also intended 
to obseue the eclipse in Sumatra, viz Mrs and Mi NLWArL(from 
Cambiidge, England), Mi Dyson fiom the Gieenwich Obscivitoi}, 
with Ml Atkiason as a volunteer assistant. Pi of Burton and 
Messrs IIosMER, Maithes and Smith from the Massachusetts Institute 
ot Technology at Boston 

The aoyage was vciy pleasant, much attention being pud to 
a uious istionomical observ itions, the „giecn flisli” it sunrise and 
sunset. Nova Persei, and the constellations of the southern hcmi- 
spheio. Algo Navis, Ciuv etc At the list dinnei on bond, the 
diy before oui aiiival m Padang, many heaity toasts were pi oposed, 
expiesbing best wishes for the success of the Araeiiciii, Enghbli ind 
Dutch expeditions 

On April 6 we ai rived at Emmahuven, the harbour of ^adany^ 
and there met Mr Muller 

Before giving a further account of our faiti> et gestes, I sh ill 
fiist mention the preparation of the expedition in India 

As far back as October 1898 the wiiter, m a piivite lettei to 
Di W VAN Bemmilen, temporary Subdirector of the Migncticil 
and Meteoiolcgical Observatoiy at Batavia, pointed out the impoitinec 
of the coming eclipse of Miy 1901 and suggested to him the 

dcsir ibilit) of weather observations along the path of the Moons 
slixdow, to be made in May 1899 and 1900 In a more official 
mannei, as already mentioned (p 4), Mr H G v u S Bakiiuyzi'N 
wrote about the same matter to Mr v D Stok and Mi Muillr, 
and these lettei s miy be regarded as the first steps towards th 
prepaiation of the eclipse work in India 

See p 5 of this Account for the origin (May 1899) of the 

Indian Echi)i,e Committee^ consisting of Messrs Mui li r, Ehoi e and 

ZiLMAN This I E C at once set to work in numcious loc ihtus 
ilong the path of totahtj a woathei sei \ ice was est ibhshed, in ordei 

to obtain the neccssaiy infoimation about the climatological conditions 

The weather observers were instiuited to note at the houis 

about noon 

1®‘ the cloudiness of the sky , 

2“'^ the kind of clouds , 

Si'S whether the “un was visible it the hour of observation , 

4* whether it laincd at the same moment 

The Nutuuilmduje Veieeniging also give a most valuible 
financial aid it contributed a liber il sum to the Eehspe Fund and, 
thanks to its mtmccssion, moreover, a sum of fiOOOO of the Indian 
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budget, granted annxially for scientific travels, was given to the 
expedition 

The weather obseivations, made chiefly in April, Mav and June 
1900, were woiked out and the results were published (Aug 1900), 
at the Government’s expense, in the little pamphlet already mentioned 
(p 8) Infoimahons fot observing patties and ehmatological con- 
ditions along the track of the moon's shadow^ containing the data 
about the climate, the suitability and the accessibility of many 
pi ices near the central line of the eclipse The weather chances 
(probability of rain and cloudiness) were deiived from the amateur 
obseivations, above mentioned, fiom the numerous data to be found 
in ^Observahons made at the Boyal Magnehcal and Meteorological 
Obseivatoty at Batavia"^ vols I — XXI, and from a few publications 
by Mr V D Stok on the climate of the Malay Aichipelago 
The paper further contains a map, many general practical hints 
and suggestions for observers, and all kinds of valuable information 
about different places, suitably situated at the West coast of Sumatra, 
on Singkop and the islands of the Lingga group, on Borneo, Celebes 
and the Moluccoes In the preparation Mr T D Stoe took a great 
share up to his departure from India (June 1899) Of this publica- 
tion 200 copies were distributed among many observatories and astio 
nomors in Europe, America, British India, Australasia and Japan 

In May 1900 Messrs Muller and Figle, again at the Govern 
ment’s expense, personally inspected several localities on the shadow 
path, which appeared suitable for observations generally, and for the 
erection of a Dutch eclipse camp especially 
From what has been said it may appear that the Indian Govern- 
ment did its utmost to further the interests of the expedition in 
eveiy possible manner In fact every pecuniary and material aid 
was provided I have already mentioned (p 10) the subsidy of 
f 10 000 and the very liberal arrangements concerning the printing 
of the „Informations ” and the payment of the travels of 
the I E C But at the suggestion of this Committee, and 
of Mr Muller especially who proved also here to be the tight 
man in the right place, the following verv liberal facilities were 
allowed, viz 

Freedom of postage was granted for eclipse matters 
Permission was given that a regular Post and Telegraph Office 
should be stationed at the eclipse camp 

Thirty sets (see p 8) of 24 very elaborate and accurate topographi- 
cal maps of Sumatra’s West coast and of Borneo — a value of 
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neailj f 2000 — were put at the I E C disposal, to be distnb 
uted to such obseivatones and a'ltionomcis as might bo desirous to 
come to India to observe the eclipse 

The Qoveinment steaniei Condo) was placed at the service of the 
Committee, on board tlnssteamei Messrs Mult er and Figee stilted, 
Sept 1900, on another inspection vovage to the West coast of Sumatra 
The result of this second voyage was the definitive choice (sc e p 8) 
of the locality where a Dutch eclipse camp should be erected a site 
neai the lampong Kmang Sago 

In Nov 1900 ficedoni of customs was gianted, foi eclipse instru- 
ments, not only to Dutch but also to foieign observing pai tics (Asti on 
Nachr N“ 3688 , Nature N" 1632) 

Dutch and foreign eclipse obseiveis enjoyed fico passage on all 
the lines of the Staatsspoonoegen (railways) ter Siimnfta'b WestLust 
Most valuable assistance was obtained from the Naval and Wii 
Departments 

The military topographical service lent four chi onometers, a 10 ineli 
PiSTOR and Martins Umversal Instrument and other instiuments 
The Mili'aue Admmist) atie lent, fiee of any chaige, everything 
in the line of fuiniture and all othei requisites required foi the 
outfit of the eclipse camp 

The Geme (Military Engineers) gave a nunibei of carpentei’s, 
buck layer’s and bamboe worker’s tools, Norton pumps, a fiic engine etc 
The following gentlemen were directed to the camp to assist in 
the prepaiation and the obseivation of the eclipse, viz 

Captain L H F Wackfrs for determining the latitude and 
the local time , 

Lieutenant — since May 1901 captain — E J de Rochemom 
foi the building of the camp He was in command — not to men- 
tion a few bundled coolies — of twelve men of the corps of Militiry 
Engmeeis, with two Euiopean and two Amboincse sergeants, a 
caipenter and a brick layei of the same corps. 

Captain J M Kerkhoff for the obseivation of the flash spec 
trum neai the Northern limit of totality (p 8), 

Ml J DE Boer, wairant officer of the Triangulation Biigado, 
With a mandoet (native foreman) , 

Mr J H Ohi ENROTH, mechanic of the railway workshops at Soerabaja 
All the expenses of the&e officeis, soldiers and gentlemen weie 
defrayed by the G-overnment 

Finally, the promise was given that a man-of war would be stationed 
neai the place of observation, so that the officeis and crow might 
assist in the observations. * 
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In January 1901 Dr Figeb and Dr van Bemmelbn were autho- 
rized to take part id the expedition at the expense of the Obsery 
atory at Batavia, in ordei to make the necessaiy magnetical and 
meteoiologual observations during the eclipse 

On March 22, 1901, Mr de Roohemont left Padang with his 
assistants, and with many cases and boxes, containing instruments, 
furniture, provisions, caipenter’s tools etc At Karang Sago the 
building of the camp was begun at once, with the aid of many (up 
to 300) coolies , the site was to be cleared first , a paggei (fence) 
was made, and, in three weeks 15 huts, made of bamboe, roUan 
and afap were erected, viz barracks foi tne men, and the gongens 
(Malay servants) , qoedangs (bains) for the packing cases , a post 
office, a daik room, a mechanic’s shop, containing a lathe, a carp 
enter’s table and othei appliances, kammat mandi (bathing-rooms) 
etc Noiton wells were struck, piocuiing delicious water, oil lanteins 
and a flagstaff weie elected Finally, a hotel (41 X 1 Meteis) was 
built for the members of the expedition, consisting of 14 sepaiate 
rooms, a geneial messioom, and a study, abundantly provided with 
everything necessary for drawing, wilting, computing and so on 
(See Plate I) 

On Maich 28 Mi Muller arrived from Batavia at Padang^ with 
many instruments and 80 oases of provisions, bought at cost-price, 
through the courtesy of the Koninhlyke Paketvaat t Maatschappy 
(Royal SS Company) On April 1 Mr Muller visited the camp, 
he was accompanied bg Mr de Boer who was to make the necess 
ary preparatives for the time and latitude observations A few days 
later Mr Muller found Mr Wackers at Padang, and on April 6 
welcomed the Dutch and foreign astronomers at Emmahaven, who had 
arrived there the same day on board the SS Komngin Regentes 

Three days were spent, at Padang, in official calls and in buying 
several little necessaries Finally, on April 10, Messrs Muller, 
W ACKERS, Julius, "Wilteedink, Hubrecht and the writer travelled 
to the camp on board the Condor^ with the greater par^ of the 
instrument boxes, the other half having been tiansported, the day 
before, by Mr Ohlenroth On board was also the Fnglish Govern- 
ment Expedition (Messrs Dyson and Aikinsoe), who used this 
oppoitunity to visit tho island Aoer Qadang, where they hoped to 
find a suitable site for an eclipse camp 

The Condoi made a trip through the beautiful bay of Taroesan 
and after a four hours’ delightful voyage, reached the roads of 
Karang Sago A beacon had been elected at the point where we 
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were to go ashore Men and instruments were transported on little 
rafts made of native sampans (boats) , the men were landed by means 
of a tandoe (sedan-chair) , the instrument boxes up to the number 
of 60 were pikolled (earned on the shoulder) to the camp, a distance 
of 200 Meters It was a curious sight, thirty or forty coolies pxlolhng 
the big prismatic camera box, weighing no less thin 350 KG, 
by means of a huge and extremely complicated framework of bamboe 

In this very comfortable camp we lived en vilhgiature from 
April 10 to May 24, and a most pleasant abode it was, too, but 
foi a senous accident, that occuired on May 3 (See p 16) 

"We got up at half past live, and worked till half past twelve hen 
we met in the messroom to talk matters over, to have a dunk and 
to prepare for the excellent rysltafel at one o’clock Aftei the 
> ijittafel the real Indian resident ought to take a siesta till 4 o clock 
to ivoid the hottest hours of the day Most of us, however, had to 
take the best advantage of da} light for the campwoik, and worked 
from two till sunset Then a second bath was taken, and a second 
dunk, letters — a mail coming and going three times a week — 
weie wntten and read, the illustrated papers and magazines of the 
leesttommel were looked over, — the Echpslamp Kaiang Sago 
having joined a Painan leading club — matteis wore again talked 
over, plans were made till, at 8 o’clock, Mr de RocHEMONr said 
Atdjo, soeioe angkat makanan^ dinner being ready 

In May, of couise, much night work was to be done^ foi the 
adjustment of the instrument's by means of observations of stais 

Camp life was gladdened by the beautiful comet 1901 I (A N 
"N® 37b3), we saw foi the first time on the 5‘t' of May, hiving boon 
informed by a telegram fiom an American camp, and by a few short 
visits to the picturesque Kampong Sahdo at 1,5 KM distance, ind 
to the friendly town of Paman (at 4 KM) wheie we were veiy 
hospitably entertained by Mi van Loqhfm, the assistent x esident 
This official visited us several times and so did the English oxpedr 
hon, Messrs Dtsov and Atkikson, who occupied the stition at 
Aoex Gadang On May 6 Mr Newali, who was stationed at 
Loentoh came, accompanied by his volunteer assistant Dr Wallace 
On May 12 several Malay chiefs visitecf the camp, and showed a 
lively interest in the instruments On May 14 finally a large party 
of distinguished visitors, officials and non officials, astronomers press- 
men, officers, ladies and gentlemen fiom Padang arrived on board 
the Condot, amongst whom I may mention Minister Abendanon, 
Chef van het Lepaxtement van Onderwys, Eexedunst en Ntjverheid, 



15 


TOTAL ECLIPSE OF THE SUN, MAT 18, 1901 

Colonel TAN Bijlevelt, Gouvetneur Joekes, and three Belgian 
astronomers from St Xavier’s College, Calcutta Some gentlemen of 
this party kindlj reciprocated the instrumental show we had given 
them by the performance of a “waterballet”, the raft that brought 
them back to the steamei going to pieces All is uellthat endsxoell 

The day after our arrival in the camp the preliminary work was 
begun the unpacking of the instruments (which appeared almost without 
exception to be in good condition), the surveying of the locality and 
the building of several (22) piers for the astronomical, physical, 
magnetical and meteorological instruments 

The pieis were made of brick masoniy, on a foundation of heavy 
stores fiom the Kali (river) The soil being very sandy, there was 
no danger of giving way Though the Indian bucks aie very frail, 
the piers, even the rathei high and slender one, carrjing the heavy 
10-mch coionagiaph (see p 6) held out well and proved to be 
very solid, aftei all Perhaps it would be advantageous to take out 
ready made iron plates that may be joined togethei and filled with 
concrete 

Referring to the special leports for full particulais about the con- 
struction and the dimensions of the pieis, and about the adjustment 
of the instruments, I only wish to call attention, in this Geneial 
Account^ to the complex of instiuments, indicated, on the accom- 
panying plan (Plate I, see also Plate III) by the letteis c— y As the 
sun’s decimation on the of May is Noith, and consequently the 
Noithern minors of the double polar sideiostats worked atthemoie 
favorable angle of incidence, the instruments with large openings (the 
6 inch piismatic cameia, and the 4 inch Stbinheil lens, to be used as 
an image lens foi the visual spectroscope) weie placed Nor+h The 
sideiostats >iad Foucauli regulators and were constructed, after Mr 
Wilterdink’s indications, by P Gautier of Pans, so as to allow of a 
lotation of the mirrors in both directions, in order that North and 
South pole might be interchanged, if necessary Tlie rotation could 
also be legulated, by a simple manipulation, at half rate, in case 
circumstances would make it preferable to use the miirors as eoelostats 

As, on account of the moisture, the use of mirrors in tropical coun- 
tries IS, to some extent, a drawback, I shall give some information 
about Mr Wilterdink’s method of packing the five precious and 
sensitive glasses Each mirror was packed in a wooden box the 
bottom of which had been partly taken away so as to make the 
glass rest on the bottom with the edge only of the silvered surface 



16 


TOTAL ECLIPSE OP THE SUN, MAT 18, 1*^01 

In order that no moisture or resin from the wood might damage the 
silver, the bottom was coveied with tin foil The packing of the 
mirrors took place in a dry room, the boxes, after having been 
carefully closed, were wiapped up in tin fod and solded in five 
zinc boxes 

Thanks to this caieful packing the mirrois were in a peitect 
condition when the zinc boxes were opened in the camp When not 
in use thej weie kept in the zinc boxes and protected, as far as 
possible, against moistuie by rough pieces of Ca 0 Thanks to these 
measures, thej did not seem to suffer fiom the moisture laden tropical 
atmosphere Unfoitunately, however, the minors could not satisfactoiily 
be kept free fiom dust, though the soil under and neai the sideio- 
stats was covered with wet sawdust 

At Katang Sago the double polai sideiostats were made to rotate 
in 24 houis and consequently worked as leal siderostats, throwing 
two beams of light in the direction of the earth’s axis Sidoiostate, 
however, earned, parallel to the polai axis, a second axis which 
was made to rotate in 48 hours, bv means of a steel strap A 
coelostat mirroi, diametei 25 cm , was mounted on this axis, so as 
to throw a beam of sunlight neaily hoiizontally in a direction, whose 
azimuth was 289°, this direction having the sun’s deohnatioii of 
May 18 with opposite sign The coelostat mirror fed the American 
40 foot lens, the tube (see p 8) and the dark hut of which were 
constructed in the same way and with the same mateiials (flstojj, 
hawboe and tottan) as all the other buildings in the camp, both tube 
and hut were made light tight by means of a double layer of black cloth 
On April 2d the last pillar was ready , the greater numbei of 
the instruments was already in position, protected by huts or sheds 
of hamboe and atap The long light-tight tube and hut for the 
40 foot coionagiaph were only ready on April 30 
The accompanying plan of part of the camp (Plate I) gives an 
idea of the relative positions of the instruments See also Plate II, 
showing a view of part of the camp 

The adjustment of the instruments occupied the members of the 
expedition up to the last day 

A heavy blow struck us by the accident already alluded to (p 14), 
which happened to Mr "Wiltebdink on May d while occupied with 
the wiiter with the adjustment of the 10 inch coronagraph, he fell 
from a wooden scaffolding and bioke his light radius Not only 
was the use of his hand strictly forbidden him, but he had to be 
transported to Padang for a few days, and though after his return 
he constantly assisted the other members wuh his advice, he was 
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not able during the eclipse to take chaige of one of the piiiieipal 
instruments 

IJimccossary to say that, while Mr Wiltdrdink and the wiitei 
led the adjustments of the astronomical lustiuments, Mi Julius did 
the same for the physical instruments 

The election ot the magncticol and nieteoiological in'^truments 
was> staited on Apiil 27, under the diiection of Mr van Bemmllen, 
who armed m the camp the day bcfor-e, and of Mr S Figlb, 
who armed on May 7, accompanied by his son Mr Th Figed, 
volunteer assisHiit 

Meteoiological observations wcie daily earned out from April 28 
to May 19 

On May 7 captain Kcrkhofp visited the camp m order to study 
under the direction of Mr Julius and the wnter, the objective 
grating spectiogiaph to bo erected iieai the Noi them limit of tot ility 

The numbei of a'^sistants wis completed, on May 16, by the 
arrival of Mr Nipwlvhuys, the well known photographer from Padang 

Captain WAOKnis had been charged with the time, latitude and 
izimuth obsoivatioiis 

A Time 

The expedition disposed of four chronometeis, Dent 10622, dp 
CasslIvLS 610 and 625, and Hoiiwu 628, de C a ssdrls 625 always 
being used at the obscxvations Time was detoi mined by altitudes 
of stais near the puinc \eitical, by means of a 10 inch Pisiop and 
Martins Univeisal Instiument The stais’ places vcie taken fiom 
till Bet line) Asti Jahhuch The daily rates were found to bo 



D 

0 610 

0 625 

n 

Apiil 12—14 

— 4 97 

+ 4 31 

+ 1894 

+ 0 813 

14—21 

— 4 84 

+ 4 -18 

+ 1 79 

+ 0 29 

21—30 

— 4 93 

+ 1 3 1 

+ 2 22 

+ 0 20 

30-39 

— 4 78 

+ 4 4^ 

+ 2 14 

+ 0 26 

Maj 9-12 

— 4 91 

+ 4 42 

+ 1 58 

+ 0 28 

12—16 

— 5 05 

+ 4 41 

+ 1 83 

+ 0 45 

16—18 

— 4 90 

+ 3 94 

+ 1 80 

— 0 13 

dhe chronometer Hohwu 628 

i has been used at the 

practice drills 


(see p 20) and at the day of the eclipse 

B Latitude 

The latitude of the pillar of the Universal Instrument was detei mined 
by oircummeiidian altitudes of stars , each determination consisted of 
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6 altitudes, viz 


April 14 
16 
21 
21 


3 


m earh position 
y Sco)pn (S) 
y Her cults (N) 
St Boohs (N) 
>£ Serpentisi^) 


of the insti ament The results are j 
(p = 1° 19' 27 "6 S 
26 3 1 
28 8 
26 8 1 


Mean q> =r 19' 27" 5 S 
C Azimuth 


On the slope of the Boelit Saltdo, a little hill at a distance of 
300 M, a nightsignal had been elected, the azimuth of which was 
determined by stais near the horizon and not far from the prime 
vertical 
Results 


Apiil 30 « Hydrae (W) 311° 47' 27 "1 

30 « Aquilae (E) 27 8 

Mean 311° 47' 27" 5 

By means of this azimuth the polar axes of the instruments were 
set North-South, the final adjustments, of course, being made by 
direct observations 

B Longitude 

The longitude of the camp could not be iccuiately determined 

It was tiken from a topogiaphieal map, scale 1 20 000 and 
found to be 0 11' 24" E of Padang , the East longitude ofPadang 
being approximately 100° 21' 55", the longitude of the camp at 
Katang Sago is to be estimated at 100° 33' 19" E of Greenwich 
(see p 22) 

The uncertainty of the longitude of the place of observation and 
the experiences from former eclipses pointed to the desirability of 
deriving the last warning sign of “ready” not from the computation, 
but ftom the obseivation of the eclipse itself It was arranged that Mi 
Muller should give this sign, when in the dark hut of the 40 foot 
coronagraph the crescent of the sun measured 45 According to 
computation^; this would occui 16® befoie the beginning of totality 
Moieover, a look out on the top of a bainhoe tower, 8 M high, 
was to watc h the search light of the English man of war Pigmy] 

1) An arc of cc° is covered by the Sun’s crescent at a; = ^ sec — 1 ^ 

sewnds befoie second contact, i being the duiation of totality in seconds Foi 
t — 392®, the estimated duiation at Karang Sago (see p 21), 

a: = 16 ®2 for a = 45 
X = 81® for « = 90° 
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stationed at Aoet Gadang^ which light would, at our request, be screened 
off at the moment when totahtj began at that station Computation 
had shown, that the shidow would reich oui camp about 15®litpi 


On May 7 H M panttye^ deklorvet Sumatra^ under tempoiaiy 
command of the Luitenant tet zee 1® Llasse A Geldekman arrived 
at the loads Most of the instiuinents, as already mentioned, had been 
erected, at that date, but they still required the final adjustments 
Messrs Muller, Wilierdink and the wnter had in the mean- 
time diawn up a programme for the astronomical observation while 
Ml Julius did the same foi the physical observations 

For full particulirs the leader is leferred to the special rcpoits 
Hoie I shall only call attention to the geneial distribution of woik ') 
Chi ononiite) s 2 assist ints , 

Side) ostats (e and f j 3 assistants , 

Laige spedtogtaph (h) Mr S Figle witli 2 assistants, 

Small spectiocpaph (g) Mr UF Rochimom with b assistants, 
Speetioscope (i) Mr Hcbreciit with 3 assistants, 

PnmaUc camera (j) Mi Nijiand with 4 assistants, 

4:0 foot cotonagtaph (c) Mi Muiler with 3 assistants, 

10 inch coionagiaph (h) Mr Walkers with 5 assistants, 

Coi onng} aplis on polat axib (a) midshipman Brandt with 10 
assist ants , 

Photomefei (//) Mr van Bemmelen and midshipman Baion M vokay 
with 2 assistants , 

Heat actiHometei {m) Mi Julius with 4 assistants , 

Po'ai nnetei (1) lieutenant v D EoCil with 3 assistants , 
Pythdiomctei (p) 2 issistants , 

Cloud-lheodolite (x) lieutenant Di Bruyjsl with 1 assistant , 
Obsei oattons of loind (f) 2 assistants. 

The) momete) s {/) 4 assistants , 

Atmospheric electyicitg {n) Mr Th Figfe, 

Declinomete? («) 2 assist iH , 

Drawings of corona mi Isli p.n in Bmsim with 4 assistants, 
Shadoubands and further observations (color of corona and land- 
scape, visibility of stars) midshipmen Langel a an and Budding 
with 14 assistants , 

Look out one assistant 

The totil numboi of obsoivors was thus 93, of whom 7 were 
offieeis ind 68 noncommissioned officers and men of the Sumatra 
It will be seen, that, on account of his bi oken radius, Mi Wii terdink 


1) llie letteis in biackets lefei to the plates 
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did not participate in the effeclivc work It is unnecessary to siy, 
that this vsib very bad luck Having been transport d to Puling 
on M ly 11, he did not return uiitill th( 16* 

Under diieetioi of Messrs Mulli R, Julius and the wiitei thirty 
prictice drills were held fioin Miy 12 tot 17, some of them in the 
evening in order to be used to lamplight for the reading of chrono- 
mctei faces, scales etc , in case the eclipse should prove to be a 
veiy dark one The meteorological observers and assistants did not 
take part in these dulls, their woik not being confined to the stir- 
ring and exciting six minutes of totality The observers of shadow 
bands and further phenomena, and the corona skctchcrs practiced 
apait A corona drawng, varied from day to day, was hung up at 
the height (70) of the echpsed sun, and was drawn by 8 men, each 
being only responsible for one quadrant as Mr Baisem; undertook 
to draw the whole of it, the result should be 3 complete sketches 
Shadowbands «hall be observed on a hoiizoiital and on two vertical 
screens, oiieiitated East West and Noith South At the rehearsals a 
framework of baniboe was earned quickly along, giiing moving 
shadows that had to be observed as accurately as possible 

For full details I again ufer to the specal reports Here I shill 
only mention the general mode of proceeding 

5™ before totality eveiy man at his post and ready 
81® before totality The word „llaat ” (ready) given by Mr Wacklrs, 
who states, on the giouiid glaas of the lO-inch eoionagraph, that the 
sun’s crescent covers an are of 90° 

40® later Time keeper A calls out ^spiegels'’ (mirrors) , the tliice 
assistants take the caps oflf the minors, then task being fuithei 
to pay attention to the siderostats in order that no unexpected 
impediment might occui 

15® or 16® bcfoie totality Call ^opgepasV' (attention) cither by 
Mr Muller, when the sun’s crescent is seen to cover an arc of 
45 , or by the look out, when the search-light of the Ptgmg is 
screened off The call ^opgepast" is to be repeated, in either case, 
by time-keeper A 

Beginning of totality, is observed by Mr Muller in the dark 
hut of the 40 foot lens Call (go) Time-keeper B begins the 

counting of seconds nul^ ^en, twee A tries to estimate the 

interval between Jos” and „iiur’ and notes the chronometer reading 
loncspondina to the count ten Time keeper B goes on counting 
up to 200 and is then n bevel by A thus the 200* second is 
counted by both A and B In case no sun is visible at the beginning 
of totality, ^nuL” is cillod out at 12’>19“51® local civil time 
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380’ after the boginiiing of totality, oi, in case the 2"^ contact is 
lost, at 12’' 2b’” 11® cxll y^shutui” (sliut) by time lu opci B 

End of totxlih Cxll „opei'’ by Mi Mullpu, time ktopei A 
goes on counting till Mr Mulllr emerges from tlic daik hut and 
notch the chronomctei leading 

In the beginning ot Mxj the English astionomei Newall, who 
was stationed at Smrah Loentoh, sent notice th xt he had been informed 
by the Nautical Almanac O/yicc at London th xt the duration of totality 
at Kaiang Sar/o would be 6'” 22® instead of O’" 32® It was decided, 
in Older to bo on the safe side, that all cameras should be shut on 
the 380”’ second aftei the beginning of totality 

In the evening of May 17 the drills had to be stopped owing to 
the ram In the night the 41 plattholdcit> wore filled (viz 6 for 
the prismatic camera, 9 for the 10 inch coionagroph, 24 for the four 
coronagiaphs on the polai axis and 2 for the specti ographs), and the 
laige platc« (50 bj 60 cm) of the 40 foot lens wore placed on the 
frame in the daiL hut 

On May 18, at daybreak the sky was wholly ovenast Bye and 
bje the clouds guw thiimei and at 11 o’clock the weathei was 
nearly perfect Then altocumuli began to gather and the eclipse has 
unfoilunatcly been obscivul thiough a rather thick veil of clouds 
At 9** the min 01 s weio placed in then cells and cleaned as fai as 
possible fiom dust by means of very light flocks of wool cotton 
Windscioens tables for the coiona sActchcis and screens for the 
observation of shadowbands were placed 
10’’ Lamps weio prepared 

10’’ 45"’ First appearance of the moon on the sun s disc observed 
Much adoviith smoke glasses Increasing interest of sailors and soldieis 
IP’ Sheds taken away 
IP’ 20’" Clockwork of polar axis started 

IP 30’" Clockwork of siderostats started, slits of specti ographs 
controlled 

12’’ 0"’ PI itt-holdors taken fiora the daik room, wrapped up in 
black velvet, clockworks of the BuECKiiALrcR diaphragms wound 
up , lamps lighted , 

12’’ 10’" Assistants formed into line , 

12’’ 15"’ Lvcij man leady 

The piogiamme began and was for the greater pait promptly 
eairied out 

Unfoifunately, the neivousness of one of the assistants has made 
the results of the mall specti ogta^h entirely useless 



22 


TOTAL ECLIPSE OF THE SUN, MAT 18, 1901 

The sign yjilaat" was given at 12** 18™ 51®, the word 
at 12’* 19™ 31® When the caps had been removed from the mirrors, 
the image of the sun’s thin descent fell on a cirdboaid in the dark 
hut of the 40 foot lens It was not quite simp — the visual focus 
falling behind the chemical — and moreover undulated voiy much 
Owing to these facts and to the clouds, Mr Muiler could not give 
the warning sign „opgepist" The lookout gave it at 12'* 19™ 46® 
Even the second contact was not accuiately obseived in the dark 
40-foot hut The sign „/es” was given at 12'* 19™ 57 ®4, piesumably 
2® late Thus the 2***^ contact is to be put at 12'* 19™ 55® This is 
only 9® later than the look out s y,opgepast" According to Mr Dyson 
(Proceedings Royal Soo 69 p 241) second contict at Aoei Gadang 
was observed at 12'* 19™ 30® local time, le at 12'* 19™ 46® Kmang 
Sago time, the East longitude of Poelau Aoet Gadang being approx 
imately 100° 29' 13" (see p 18) 

Before the call ^sluiten” (count 3b0) sunlight reappeared The 
sign ^ovet” was only given at count 381, probably 3 seconds late 
Ihird contact is to be put at 12'* 2b™ 16®, the duration of totality, 
therefore was b™ 21®, agreeing closely with the value kindly for wa^'d- 
ed by Mr Newali (see p 21) and based on Downing’s value loi 
the semidiametei of the Moon, dciived from a lecent discussion of 
eclipse observations At Aoei Gadang the duration of totality was 
also observed to be 6™ 21® (see Mr Dyson’s report, Pioc R S 69 
p 241) '1 his means that at Aoet Gadang the times of both second 
and third contacts were lecorded only 9® earlier than at Ka)ang 
Sago, though computation had given 15® (see p 19) As the 
English astronomers made no special time obsei vations, then intention 
being onlj to observe the dination of the eclipse, the controversy 
13 veiy likely to be ascribed to an eiior in the times given by 
Ml Dyson’s report (the duration being correct), or may partly be 
caused by an error in the assumed difference of longitude (lb ®4) 
between Aoet Gadang and Katang Sago Both cirois may also allow 
for the euiious fact, that our look out’s „opgepast’’ was recorded at 
the same instant which the English Preliminuy Report gives as 
the time of second contact (12'* 19™ 30® A G time = 12'* 19™ 46® 
K S time) 

The East longitude (see p 18) of Katang Sago was found to be 

fiom the observed 2**'^ contact S'* 42™ 9® 8 


mean O'* 42™ 9® 9 = 100° 32' 29" 
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In tins computation Downing’s „cclip'ic” vilue (lo' 31 "47) of 
the Moon’s mein scmidinmetoi wxs used ind collections + 0 ®14, 
— 1 "6 (kindly foiwuded by Mi Dyson) i\eie applied to tin Moon’s 
rignt ascension and declination 

Duiing totality the blue of the sky iias \eiy pile and gieyish, 
the sccneiy was illuminated by the well known dull, gloomy, ghastly 
eclipse light The clouds it 50° Wist of the eclipsed sun looked 
fallow or had i dingj oi ingi tint And lound the inky black 
moon the double fibJitad of the bnlliint silvciy coiona wis "visible 
through the g ips m the cirihusclouds a most gloiious sight, nevci 
to be forgotten The Southern bordei of the Eastoin fiMail pointed 
to two biilhaiit stxis Venus and Meiciuij 

No noise wxs licxid, the Miliy populition hiving been wxined 
by Mr van Loohpm, assn^U nt t ebuUnt van Painan to keep quiet 
and not to hmdei the obsoivations by scieaniing, xs tin y woie likely 
to do Kalongs (gicat bats) aie sxid to hxve left then hiding pi xces, 
as if it were night The ciiuous ^Unomatic hud'" wi hexid oveiy 
evening in the camp, sang out of tunc’ On the native populxtion ot the 
camp the eclipse evidently did not make a veiy stiong impicssion 
when I asked my Malay seivant whit he thought of the giahana 
mntahai i he simply answered „gflctjp’ (dxik) 

With a ITilgpr „film pti«m ’, adjusted on one of the tubes of 
an cvccllont Voigtlanuir bmocul i (xpeituio 45 mm, povvoi 3,3) 
I tiled, as fir as cncumstincis peimittcd, to exteh a glimpse of 
Fraunhofir lines As muih as seven minutes bifoio totility the 
fiist lines appeared, in spite of the clouds D, JH, b, F and O' could 
be lexdd} scon Duiing totality (count 120 to 240) I could make 
out the Noith-East quuliant ot x faint cotonal iing In this phase of 
fhe eclipse no C7, D, oi idlings weie to be seen, but cncumstinces 
wiic not veij favoiable Latii, (count 320 to 140; howevci, I saw 
the C, and jF rings voiy distinctly but now no green coronal 
ling was seen At count 378 the photosphcic burst out biilliintly 
I had then to expose the last prism itic camoia plxtc foi the second 
flxsh-spectium Aftei this I again looked tin ough the Hilo tu prism 
at 12^' 28™ 3® (i e 107 seconds aftei thud contact), the sun being 
momentaiily free fiom clouds, a number of Fraunuoffii lines was 
visible, all of them, howcvei, much fainter than the few I saw at 
12>i 12“ 53® 

Shadowbands have not been observed , besides Venus and Me) cun/ 
only Aldebaran and a few stars in Petseus were visible As a eon- 
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'sequence of the lathci ho ivy (loiidb it iv ib of no iily bO il uk duiiiig 
the celipbO ib hid been cvpeited, so tint the lunp& mIiicIi weic 
kept leidy hive not been used, Hit gtnei il illuimn ition wis stiongei 
than it full moon 

Immediately after the eclipse it wis known that the sjiec/i osco; e, 
iha j^hotomder and the small specti ogiajih had gnen no losults 
It was to be foiled, of couisc, tint the oloudb would il&o Invo 
spoiled the gicatei pait of the other obsoiiations and photograph 
In the afternoon of May 18, some instuiinonls woic ahoad^ dis- 
mounted, afte* haling boon photogi iphod by Mi Niiuvmmiuis, md 
packed again m thou boxes At 5 o’cloik ill tlu observers, astiono 
mers, officers, iiiiiinos ind sailois woio gioupod on and lound tlu 
look-out’s hamhoe towei, a picture was made (PI ito IV) and Mr Mui 1 1 r 
took advantage of the oppoitumtv of cxpicssing oiii coidi il thinks 
for the most valuable assistince lendcied by the officers and oievv 
of the Siimatia On the following days manj other pictuiis of 
mstiuments and groups were made, the dismounting and packing 
went steadily on, great assistance being given by the crew of 
the Sumatia, on May 22, 25 boxes could ahead/ bo shipped to 
Padang 

Immediately aftei the eclipse, the photogr iphei Mr KiruwENniJ\s 
set to work to develop the plates, using many kilogianib of ice The 
last plate was developed on May 22, it appealed, tint ilso the 
exposure with the latge sp(cU ogtaph was an entire fiilure 
I shall leave fuithei details conccining the results obtained foi 
the special repoits See also the „Pteliminaig Repot f' 

On May 22 Mr Kprehopp arrived at the camp with the plate 
exposed by him at the Northern limit of totality unfortunately tins 
plate too brought a disappointment Apparently the instiument had 
been adjusted correctly, but by a misunderstanding, and in conse- 
quence of the fact that the Northern limit was actually furthci North 
than had been expected according to the computation, the moment 
of observation was not well chosen the observei failed to get the 
phenomenon of tne flash and photographed the spectrum of the corona 
instead, for which the lens however was not lapid enough 
After this the membe s of the expedition suocessivelv loft the 
camp Messis S and Th Figeb had alieady depaited on May 19 
by the steamship Condot , on the 22“‘^ the Gondot brougut Messrs 
Wackers and Kerkhoef and 25 boxes to Padang Imally, on the 
morning of the 24*’*, everything being packed and ready M^s^rs 
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Muller Julius, Wilterdink, van Blmmllen, Hubrecht md the 
writer ombxrked (Plate V) on board the Sumatia, bound for 
Piding, wheiexs, m the afternoon, Mes'^ra de Rochcmont, dp Boer, 
Niluwemiuys and Oiieinroth left the camp by the SS Gondot 
with the rcm iming isbiatxnts xnd cases At Emmahaven wo coidially 
bade fxrewdl to the eominandei {iMpitein-luitenant tei zee C A de 
Brauw) xnd the olhcois of the burned) a 

Ml Mullfr undeitook to have diapositixes made and to send 
them to lloll iiid together with the cases Thanks to his care every 
thing h IS cxri ivcd in good order 

Not to mention in details many other kinds of administrative work 
(paying of bills, letuining the borrowed furniture and tools to the 
owners ett ), ho piepued foi the vendufie (auction) of the camp — 
every Tndi in resident sells his furniture when he removes — which 
took pi ice on May 28, bringing m f 227 gioss 

In the mean time Missrs Julius, Wiltlrdink, van Bemmelfn 
and the wiiter made a short trip to the lightly famous Padangsche 
bocenJanden^ wheie they visited Fo)f de Kock, the passe) of Paja- 
kombo^ the exhon of Ilmau, the Ka)houwengat, the like 8ingka)a 
etc , and where they were very pleased to meet some fellow astro- 
nomeis, la Prof Barnard, Mis and Mr Ns'WALLandMr Curtiss 
Messrs Julius, "Wiltlrdink and the wiiter left Padang on board 
the SS Willem II on May 29 and arrived at Batavia two days 
liter, Messrs Mullfr and van Bfmmplen who, being on an official 
tup, had to tike the steamer Imhoff, left Padang on the same day 
but did not arrive at Batavia until June 1 

At Batavia Messrs Mulifr, Julius, Wilterdink and the writer 
cillcd on some high officials (Minister Abendanon, Yice admiral 
SroKiiUY/LN, Commindci of the Nivy and Lt General dl Beutne, 
Comniindci in chief of the Army) to express their thanks for the 
good < xic xnd many facilities w hich had been given to the expedition , 
on June 6 they had an audience with His Excellency the Gouver- 
neu) Goieiaal it Duiti nzorq, and were invited to dinnei in the evening 
After this wc scattered over Java to enjoy its beautiful sceneiy 
xnd its most iiitoiesting Hindu antiquities Everywhere we found 
tdlow astiononieis ciqojing the same pleasures at the railway hotel 
in Maos^ in Djoljakaita, at the fimous Hindu temple Boi ohoedoei 
and e\en in Java’s Eastern districts, at Tosati 

On Tune 26 Mr Julius retained to Holland, at Padang Yie took 
chaigc of the negatives Mr Wiltlrdink and the writei left Batavia 
on June 29 to leturn homo vii Jipan and America Before they left 
they had an oppoitunity to inspect, at the Batavia Observatory, 
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manj drawings and descriptions which had been sent in by amateur 
obscivers, who had followed up the summoning contained m the 
above mentioned, ^Eandleiding'' (see p 8) 

Aftei then loturn two more meetings (1901 Sept 27 and Dec 28) 
of the E 0 were held, chiefly to discuss the publication of the 
lesultb It wxs decided, that ph gsical obset vations shall be treated 
by Mr Julies, the photographs of the eo) ona be discussed, and 
the construction of the sltt-specit ogr aphs described by Mi Witter 
DINK, the writer shall leport on the Piistnatic Camera and the 
results it yielded, and on the Amateur observations The Repoi t shall 
be written in English, especially on behalf of the numerous Ame- 
iican eclipse observers, though French wis preferred, on the whole 
by most members of the E C 

A Preliminary Report has alreadj been issued and distributed 

At the end of this Account I wish to express, in the name of the 
Eclipse Committee, our most sincere thanks to such officials, gentle- 
men and scientific societies as hive contributed to the success of 
the expedition For, though the scientific results aie not what thi y 
should hive been, and whit they would have been probabl>, it the 
weathor___li.id_^ fivoured the observation, it is most encouraging to 
think of this veiy satisfietoiy and important result thanks to the 
cooper ition of private and official initiatives a scientific enterpiise 
of some extent has been possible 

Wo are especially indebted to the privite persons and the scitntifii 
societies, that contiibuted so liberally to the Eclipse Fund, to the 
civil ind military authoiities of the Netherlands and the Indian 
Governments, who, as has already been pointed out, did evciy thing 
possible to promote the interests of the expedition 

H E the Minister van Birinenlandsche Zakeri (home affairs, 
interior), H E the Minister van Kolonien, H E the Oouver 
neui-Oeneraal van Nederlandsch Indie, Lt Generaal W 
Eooseboom , 

Minister J H Ablndanoe, Direcfeut van Ondevwys, 
Eeredienst eti Nijverheid, Mr A M Joekes, Gouvetneur 
van Sumatra’s Westkust, Mi Th F A Delprat, Chef van 
den dienst det Staatsspoor wegen (Director of the railways) 
Sumatra's Westkust, Mr D K A van Loghfm, assislenf- 
resident van Paman, who rendeied most valuable assistance 
in the building of the camp and in the preparatives of the 
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obseivation, Mr J Berman, Hoofdmspecteur, chef van den 
Post en Teleg) aafdienst , 

H E the Vice-admit aal F J STOKHUiZEu, Commander 
of the Navy , 

H E the Lt -Genet aal H C P de Brutn, Commandei 
of the Army, Kolonel H F C van Bijlevelt, at Padang 
Kolonel A J J Siaal, Chef det Genie^ and Majoot J W 
C VAN SiELDEN, eet staamvezend Qeme of {icier te Padang 
(both belonging to the corps of Military Engineers), Kolonel 
T H DL Sauvage, Hoofd-infendant, and Majoor J E van 
S cHAiK, Gewestelijk intendant te Padang (both of the Military 
admini'itration) , 

to the Maaischappij (SS Companj) ^JSedeiland^' foi the liberal arrange- 
ments m the conveyance of the observers and their mstiuments , to 
the Koninldyke Paletvaait Maatschappij for procuring uspiovisions 
at cost puce , to Messis Figie, van Blmmilen, "W ackers, db Roche 
MONT, Kbrkhoff and Hubri-chi for the eosential part they took 
in the observation , 

to the officers and the crew of the Sumatta for the most valuable 
ind substantial assistance they lendeied to tho professional astronomers , 
finally to the Komnklyke Katumkundiye Veteemgiug (Physical 
Society) at Batavia for tho wiy it prepared the expedition, and, 
list but not least, to this Society s President, Majoot J J A 
Mulllr, Sc D , tho able and clever le ider of the Expedition 

A A NIJLAND, Sc D 

Uttecht, March 1903 Ptofessor of Asti onotng 
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TOTAL SOLAR ECLIPSE 
May 18, 1901 

Maynetii Obi>eioctfio/ik ctf JBataoia and JS^atany Sayo (Sumatta) 


By 

W VAN BEMMELEN 


Dining the Sohi eclipse ol May 2b 1900 Di L A Baueb 
oigxnised obscivntioiis in the United States of Noith Anmita ns to 
the declination and. hoiuontal intensit} which, in coiiiiectioii with 
the legistratioii ot the veitioal intensity at 2o)onto led to the piob 
able lesiilt that tlu eclipse caused in the atniospheie a phenomenon 
to be eoinpaied to i magnetic pole lollowing the central shade on 
its wiy thiough oui xtinospheic and attiaeting the iioith end ot 
the nei dh 

The insufficient nuinbei ot stations ot obseivation the scantiness 
ot the picsuined influence in comp aiison with the evei to be expected 
luegulai oscill itions in the tciiestiial ungnetic toiee weie, in con 
sidiiation ot the impoitanee ot i possible existence ot that intlu 
dice, sutheicnt oceision toi BAUtR to make a geneial appeal toi 
a elosei obseivation on Mai 18 1901 

On behalt ot the Bativia Observatoiy obseivntions weio made 
in the eclipse camp at Kanany Sayo (Suiiiat'i a), while at Satavta 
observations weie mule possible by the Bitaiia Electiic Cai Com 
pany stopping its ti iftie in compliance with a request made by the 
Diieetion ot the Ohseivatoiy 

At Kaiatuj Sayo photogiaphic self legistering instruments foi declm 
ation and hoii/jontal intensity weie mounted, likewise a declmo 


*) Cf Terrestrial Magnetism V 4 
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vaiiometei foi visual obseuatioii A viiioiuetei loi tlie veitical 
intensity which would hd\e lequiied a, vei\ sensitive magnetic 
balance was not avail ible 

The photographic instinments with the legisteiing ippn itus 
weie mounted on a laige pillai in a bamboo hut with thick dense 
w alls the intensity nisti unient having inoi eo\ ei been pi otected li om 
quick and gieat vaiiations ol tempeiature b-^ cottonwool and 
cloths 

The visual deelinometei was set up in inothei hut, and illowcd 
the declination to be lead with accuiacy to two seconds of no 
a few hoins befoie eclipse time howeiei the tin ead gave way and 
the stietchmg of a new one entnely spoiled the obseivation 

loi the Hoi Int an old Mehlesiiin unifilai with a thick buss 
box was made use ot in which i c’^lindiical magnet was suspended 
bv new silvei wne (length 43 cm) and biought in a peipendicul u 
clnection at the magnetic ineiidian by toision only 
^ theimometei was placed in the magnetbox 
The declmometei was an old Lxmoni a auation appantus with 
a magnet consisting of thiee lamellae (7 8 X ^ mm) attiched to 
a cocoon thiead 45 centimeteis long 

The benzine lamps for both the insti uments wei e also pi iced on 
the bioad pillai suitace the i ly of light letuiniiig fiom the 
declination mstiument being leflected bv a mirioi m the dnection 
of the legisteimg calmdei 

The photographic papei was wound on a Richard pattern levol 
vingcylmdei 

Two cvlindeis — one with a i evolving time of six houis the othei 
of twenty foui — weie employed by turns being intioduced into 
a wooden case in the fiont wall of which was a cylindei lease 
A mnroi separately set up threw a base line on the paper 
The testing at Batama compaied with the records ot Adil s 
inagnetogiaph supplied the tollowing result foi the scale value of 
the Hoi Int insti unient 

1 mm = 0 89 y (Jan 22 — 23, 1901) 

Foi influence of temper atuie, 1 found 

Extreme temp 27 °30 and 31 °62 4 6 mm per 1° C 

March 9 — 10 

Extreme temp 26 85 and 32 56 6 6 mm pei 1° C 

March 12 — 13 
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As a double weight is to be given to the last deteiiniiiation 
w( hnd 


j 9 mm pel 1° C 

At Ka)(tng Sago the scale value uas determined by alternately 
phciiig 1 deflc ( toi nngiiet it equal distances tioin the H and D 
mignets peipendicuhilj on each oi the two magnets 

Result 

I mm = 1 0 y May 6 

The mflueiue ot tempeiatuie was deteimined by heating the 
luit with immeious lamps the viintiou of the II F being detei 
mined by eonipaiison with the Batavia inagnetogiani 

Result 

5 0 mm pel 1° C May 19 — 20 

The distance fioin cylindei to miiioi gave the following scale 
value foi tin declinogiain 


1 nun — 1 '10 

The thcinunnctci of the II instiument was lead at iiiegiilai houis, 
the leidiugs liowcvci gave sufheient iiifoiination about the daily 
V Illation ot tenipciituie 


I) ito 

T c 

1 line 

lip i liiip. 

1 oc 

tune Heidino 

T oc time 

l eidin 

Loc 

lime Reading Loc time Reading 


71 

2 )'" 

27 

34 



121' 

O'n 27 

92 





7H 57ni 28 

92 

10 

(-) 

2) 


42 



11 

45 

27 

76 

50*^1 28 

22 

8 

14 

28 

30 

11 

6 

i) 


07 

oil 

10"i27 26 

11 

10 

27 

71 





8 

50 

28 

46 

1^ 

It 

27 

40 


40 

bS 







3 

45 

29 

22 

6 

27 

29 

00 

11 

() 

20 


24 



12 

30 

27 

'’6 

3 

0 

28 

16 

6 

41 

28 

50 

15 

7 

1 


10 



12 

10 

28 

86 





8 

38 

28 

80 

11) 

b 

42 


74 







5 

15 

2S 

40 

7 

13 

28 

36 

17 

6 

)S 


02 

lio 

0 28 00 





3 

30 

27 

45 

7 

0 

27 

40 

Modii 

h 

4h 

27 

31 

0 

51 27 10 

11 

5) 

27 

90 

4 

b 

28 

27 

7 

38 

28 

47 


Yeioidiiigly the iiniease ot tempeiatuie is only about one seventh 
ot th it to the open an ind the maximum was not leached until 
1 ite m tin evening wJiieh pioves the nhquacy ot the measuies 
tihen 111 01 (hi to pioteet the magnet igainst npid and great 
vaiidtions ot tempeiatuie 

Poi establishing the noinial daily oscillation ot H and D at 
Kaitmg Sago, the leeoids toi the peiiod May 9 — 1 7 weie available 
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After elimination of one clay with distuibance (May 10) and 
one with faded legistiation (Ma'^ 12) the leading of the magneto 
grams gives the following houilv values uncoil ected only the mein 
values having been collected 

Hourly values (lelative) of the Hoiizontal Intensity and Declin- 
ation at ISlaiang Sago uncoil ected loi tempeiatuie 

Unity 7 = 0 00001 C G S 


Horizontal Intensity 


Local time 

8h 

9h 

lOti 

lli» 

Noon 

Ih 

2h 

3ii 

4h 

51 

bb 

May 9 

—19 4 

10 4 

19 5 

221 

' 221 

171 

77 

06 

—13 4 

—27 9 

—39 1 

11 

—531 

— 87 

13 9 

15 2 

! 18 9 

15 4 

17 0 

84 

— 22 

— 93 

—15 7 

13 

—27 9 

-45 

51 

13 9 

151 

12 3 

96 

50 

— 37 

—114 

—13 0 

14 

—29 6 

— 12 

14 

49 

116 

14 4 

119 

64 

— 35 

— 4b 

—11 b 

lo 

—351 

01 

10 2 

24 5 

2)7 

17 7 

01 

— 72 

-10 2 

—14 4 

—20 7 

16 

—344 

— 70 

18 4 

25 4 

216 

161 

15 3 

4b 

-14 4 

—213 

—241 

17 

-18 8 

49 

j 20 7 

27 2 

312 

221 

61 

—10 2 

—■'91 

—27 5 

-3b 1 

Mean 

—312 

— 09 

12 7 

19 0 

20 9 

16 4 

no 

1 1 

-05 

—lb 6 

—23 0 

Temp con 

30 

28 

2 6 

11 

01 

— 06 

— 10 

— 14 

— 1 7 

|— 21 

— 24 

Coir mean 

-28 2 

19 

15 3 

201 

210 

15 8 

100 

- 03 

-112, 

-18 7 

—25 4 


Declination 


Local time 

81 

9h 

10b 

11b 

Noon 

11. 1 

1 2b 

3h 

4h 

5l» 

6i> 

May 9 

0 4 

— 0 b 

— 0 2 

-0 4 

— 0 6 

-0 1 

! 0 0 

0 1 

0 4 

0 4 

0 4 

11 

10 

— 07 

— 13 

— 07 

— 06 

— 08 

- 06 

02 

04 

1 0 

1 4 

12 

09 

01 

01 

— 07 

— 09 

- 10 

— 04 

03 

04 

0 7 

09 

13 

12 

0 1 

— 06 

- 15 

— 18 

— 14 

— 08 

01 

1 1 

1 7 

1 8 

14 

12 

— 0 t 

- 06 

-11 

— 15 

— 04 

- 01 

0 6 

10 

1 0 

1 1 

15 

10 

— 02 

- 03 

- 13 

— 15 

- 10 

— 03 

06 

10 

1 0 

0 s 

16 

— 01 

— 12 

— 10 

— 03 

— 02 

01 

00 

03 

1 1 

0 8 

0 b 

17 

03 

- 04 

— 04 

00 

— 01 

01 

08 

00 

— 04 

00 

0 3 

Mean 

0 7o 

—0 44 

-0 54| 

— 0 76 

— 0 89 

— 0 56 

-0 18 

0 28 

0 64 

0 81 

0 94 


The laige amplitude ot the diuiual vaiiation of the H F is 
veij lemaikable it amounts to almost twice that obseived at 
Batama I see no leason to asonbe this dififeience to instuimental 
causes so that I cannot but admit the leal existence of this phe 
nomenoii 

Duiiiig the peiiod May 9 — 17 the 24 houi cylinder was legist 
eimg bj day and the 6 houi cyhndei bv night besides on May 
the IS*** the 6 houi cyhndei was used duiing eclipse time The 
collection to be applied in oidei to i educe the one set to the 
othei was to be obtained by means of simultaneous obseivations 
made at the declinometer but since the lattei obseivations failed 
it was impossible to asceitain the piopei coriection 
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The thcinioiiictei at the H instiument was only lead befoie and 
atta eclipse time on May the IS**" this tiifling uncertainty about 
the vuntion ot tcmpeiatuie mis howevei amply made up foi by 
the idvaiitige ot the iiiignetogiaph lemaining wholly undistuibed 
The teinpei itui es lead are 


May 18 


6'* 

5™ a m 

26 

“29 

7 

26 

26 

18 

10 

49 

36 

70 

2 

35 pm 

27 

30 

4 

39 

37 

54 

8 

0 

37 

54 


With these vilues i veiy icceptable cuive ot the piobable temp 
ei ituie cm be coii&ti acted tiom which cuive the tempeiatuies 
givtn in the t iblc hive been taken 

In 111 istionomml (imp the tune was ot eouibe known with 
nioie thin sutbeient accui ic> moreovei a time signal wasgiienoii 
iVI i\ tlu 1 S"' both it the beginning xnd the end of the legislation 
on the () lioiii fyliiulei and also at 3 33 p m With lespect to 
the lloi lilt tlu niigiKtognni shows i cleai and well detiiied emve 
p( 1 nutting 111 c isy leiding to tenths ot millimeteis The cuive 
foi the Declination wis somewhat less distinct but eonsideiing its 
gnat sniootliiK ss, the tdittis ot millimeteis could by caietul leading 
1)( cstinnted with sufticient iccuncy 

In the tollowing tible the vaiiations clH and UdD aie given iii 
ihsoluti units // being tikeii to be = 0 367 The zeio point has 
been (boson iibitiiiily 
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Values (lelative) ot the Components of the Hoii/ontal Poice obseived 
at Karang Sago 


May 18, 1901 

Unity 7= 0 00001 C G S 


Gieen 

wich 

Tune 

Tempeia 
tuie H 
magnet 

dH 

HdD 

Gieen 

Avich 

Tune 

Tempeia 
tuie H 
magnet 

4" 15'" 

26 “74 

39 1 

13 5 

)'' 28"' 

26 °96 

18 

75 

38 2 

14 2 

29 

95 

21 

76 

■37 6 

14 7 

30 

95 

24 

77 

37 3 

14 7 

31 

96 

27 

78 

35 0 

14 7 

32 

96 

30 

80 

35 0 

14 7 

33 

96 

33 

81 

34 9 

14 7 

34 

96 

36 

82 

34 7 

14 7 

35 

96 

39 

83 

34 3 

14 7 

36 

96 

42 

84 

33 6 

14 2 

37 

97 

45 

85 

33 1 

13 5 

38 

9? 

48 

86 

32 2 

13 5 

39 

97 

51 

87 

31 5 

13 5 

40 

97 

54 

88 

31 3 

13 0 

41 

97 

57 

89 

31 3 

12 4 

42 

98 

5 0 

90 

30 1 

11 9 

43 

98 

3 

9] 

30 5 

11 2 

44 

98 

6 

92 

30 6 

11 2 

45 

98 

9 

93 

30 0 

11 2 

46 

98 

12 

93 

29 1 

11 2 

47 

98 

15 

93 

28 2 

11 2 

48 

98 

18 

93 

27 1 

10 7 

49 

98 

19 

93 

26 8 

10 7 

50 

98 

20 

93 

26 7 

10 7 

51 

99 

21 

94 

26 5 

10 7 

52 

99 

22 

94 

26 4 

10 7 

53 

99 

23 

94 

26 1 

10 7 

54 

99 

24 

94 

25 8 

10 7 

55 

99 

25 

94 

25 5 

10 7 

56 

99 

26 

95 

26 2 

10 7 

57 

27 00 

27 

95 

25 0 

10 7 

58 

00 


dll 

UdD 

24 

4 

11 

2 

24 

3 

11 

2 

23 

8 

11 

2 

23 

4 ; 

11 

2 

23 

2 

11 

2 

23 

1 

11 

2 

23 

0 

10 

7 

22 

8 

10 

/ 

22 

7 

9 

5 

22 

6 

9 

5 

22 

3 

9 

5 

22 

1 

9 

5 

21 

7 

9 

5 

21 

6 

9 

5 

21 

3 

6 , 

8 

21 

1 

8 

8 

21 

2 

8 

s 

21 

2 

8 

8 

21 

4 

8 

8 

21 

5 

8 

8 

21 

7 

9 

5 

21 

8 

9 

5 

21 

8 

9 

9 

'21 

8 

9 

9 

21 

9 

11 

2 

22 

0 

11 

2 

22 

1 

12 

1 

22 

0 

12 

1 

22 

0 

12 

1 

22 

0 

12 

1 

22 

0 

13 

0 
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Gieen 

wich 

Time 

Tempera 
tme H 
magnet 

dH 

EdD 

Gieen 

wich 

Time 

Tempera 
tme E 
magnet 

dE 

EdE 

5*' 59™ 

27 ' 

’00 

22 

0 

13 

0 

7‘'15™ 

r— 1 

o 

21 

4 

20 

1 

6 0 


00 

22 

0 

13 

5 

18 

12 

21 

8 

20 

6 

1 


00 

21 

8 

13 

5 

21 

12 

21 

8 20 

1 

2 


00 

21 

G 

13 

7 

24 

13 

22 

2 

19 

4 

3 


00 

21 

4 

13 

7 

27 

14 

22 

3 

IS 

3 

4 


00 

21 

1 

13 

7 

30 

14 

22 

5 

18 

3 

5 


00 

21 

0 

13 

7 

33 

15 

22 

3 

IG 

5 

6 


00 

20 

9 

15 

4 

36 

16 

22 

2 

17 

1 

7 


00 

20 

8 

15 

4 

39 

16 

21 

9 

16 

5 

8 


01 

20 

7 

15 

4 

42 

17 

21 

2 

17 

1 

9 


01 

20 

5 

15 

4 

45 

lb 

20 

9 

16 

5 

10 


01 

20 

3 

15 

9 

48 

19 

20 

7 

115 

9 

11 


01 

20 

1 

15 

9 

51 

20 

20 

5 

15 

9 

12 


01 

19 

9 

15 

9 

54 

20 

20 

5 

13 

5 

13 


01 

19 

9 

15 

9 

57 

21 

20 

4: 

13 

5 

14 


01 

19 

9 

15 

0 

8 0 

21 

20 

1 

13 

5 

15 


01 

19 

9 

17 

1 

3 

22 

19 

6 

13 

5 

IG 


02 

19 

8 

17 

1 

6 

23 

19 

4 

15 

9 

17 


02 

19 

8 

17 

1 

9 

24 

18 

8 

15 

9 

18 


02 

19 

8 

17 

1 

12 

25 

18 

7 

17 

1 

21 


03 

19 

8 

18 

3 

15 

26 

18 

2 

17 

1 

24 


03 

19 

5 

18 

3 

18 

27 

17 

b: 

17 

1 

27 


04 

19 

G 

18 

3 

21 

27 

17 

3 

17 

7 

30 


04 

19 

9 

lb 

9 

24 

28 

17 

1 

17 

7 

33 


04 

20 

1 

20 

1 

27 

2b 

16 

6 

18 

3 

36 


05 

20 

0 

20 

1 

30 

29 

15 

9 

lb 

3 

39 


05 

20 

1 

20 

1 

33 

29 

15 

4 

18 

3 

42 


05 

20 

2 

21 

3 

36 

30 

14 

6 

19 

4 

45 


06 

20 

5 

21 

3 

39 

30 

13 

8 

17 

1 

48 


OG 

21 

1 

21 

b 

42 

31 

13 

4 

17 

1 

51 


07 

21 

4 

21 

8 

45 

32 

12 

9 

17 

1 

54 


07 

21 

6 

22 

4 

48 

33 

12 

4 

17 

1 

57 


08 

21 

9 

22 

4 

51 

34 

11 

9 

15 

9 

7 0 


08 

22 

0 

21 

8 

54 

35 

11 

3 

14 

7 

3 


08 

21 

4 

21 

8 

57 

36 

11 

0 

13 

5 

6 


09 

21 

2 

20 

6 

0 

37 

10 

4 

12 

4 

9 


10 

21 

2 

20 

6 

3 

38 

10 

1 

12 

4 

12 


11 

21 

2 

20 

6 

6 

39 

9 

7 

13 

5 
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Gieen 

wich 

Time 

Tempeia 
true H 
magnet 

dE 

EdH 

Green 

wich 

Time 

Tempeia 
tuie II 
magnet 

dH 

HdB 

gh (jm 

o 

o 

9 2 

13 5 

8" SO"" 

27 °47 

6 8 

10 0 

12 

41 

8 8 

12 4 

33 

48 

5 6 

10 0 

15 

42 

8 6 

12 0 

36 

49 

4 0 

10 0 

IS 

43 

8 3 

10 0 

39 

50 

3 3 

10 0 

21 

44 

7 8 

10 0 

42 

52 

2 4 

11 2 

24 

45 

7 7 

10 0 

45 

53 

1 1 

11 2 

27 

4C 

7 3 

10 0 

48 

54 

0 1 

11 2 


Bafama 

The Electnc Cai Company at Batavia '^topped tiaffic from 11 30 
a m to 2 30 p m , during which time two welltrained Javanese 
assistants lead the Wild pattern Vaiiation apparatus In legulai 
succession each of the thiec instiuments was lead every thirty 
seconds Owing to a misunderstanding however the thermometers 
were not read 

Adie s magnetogiaph legisteied undistuibedly , the new and verj 
sensitive thermographs with which both bifilar and balance were 
lecently supplied, gave full information about the the vai ration of 
the temperatuie for which reason the eye readings of Wild s instru 
ments have been reduced to the leadings of the magnetogiams 
The legistration of the magnetogiaph before ind after eclipse time 
although more oi less disturbed by electric currents allows ap 
pioximative readings being made 

The noimal variation for the Hor Tnt and Decl was obtained 
fiom the readings of the magnetogiams in the same mannei as at 
Baiaug Sago 

Eioni the readings of the Wild s instiuments the values of H 
and B on the full minutes Gieenwich time were giaphically inter- 
polated fiom the readings of Wild s instruments 

WiiD s balance having no sufficient sensitiveness, only the legistra 
tion of the magnetogiaph balance was avaible 
The scale values were 

Wild s Vai ration apparatus Adie’s Magnetograph 

H 1 pais = 2 n y H. \ mm = 5 3 

B , =0'370 B , =ri4 

r = 1 95 


7 
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In the tables following H has been tahen to be 0 367 
The inagnetogiams of May 1901 cannot be used for the noimal 
movement of the veitical intensity, owing to the gieat distiiihances 
pioduced by electiio cuirents, in stead of May of this sunpotmini 
mum 1900 — 1901, May of the pi eceding minimum viz May 1887 
was chosen 


Mom (lelativo) houily vilues of the magnetic components at 
Batavia 


Unity 7 = 0 00001 C G S 


Batavia time 

8h 

9h 

101' 

111' 1 

Noon 

ll» 

2h 

3ii 

4h 

5h 

6h 

May 9—17, 1901 dli 

28 6 

318 

30 8 

43 5 

38 2 

20 2 

21 7 

12 7 

43 

05 

00 

„ , „ UiiD 

13 5 

231 

27 7 

27 6 

22 1 

15 8 

8 9 

44 

00 

32 

78 

May 1887 dV 

73 

48 

15 

00 

1 5 

15 

36 

67 

12 5 

10 5 

22 8 


Values (relative) of the magnetic components observed at Batavia 

May 18, 1901 

Unity 7 = 0 00001 C G S 
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Gieen 

wicli 

Time 

dH 

HdB 

dV 

Green 

wich 

Time 

dH 

HdB 

dV 

4'“ 46"' 

24 

2 

23 

5 



5“ 24"* 

16 

1 

17 

4 



47 

24 

2 

23 

1 



25 

16 

1 

17 

4 



48 

23 

8 

23 

0 



26 

15 

5 

17 

2 



49 

23 

5 

22 

6 



27 

15 

3 

17 

0 



50 

22 

9 

22 

0 

8 

0 

28 

15 

2 

17 

0 



51 

22 

0 

21 

8 



29 

15 

3 

17 

0 



52 

21 

8 

21 

5 



30 

15 

2 

17 

0 

10 

0 

53 

21 

8 

21 

8 



31 

15 

2 

17 

0 



54 

21 

9 

21 

1 



32 

15 

2 

17 

0 



55 

21 

9 

21 

0 



33 

15 

3 

17 

0 



56 

22 

0 

21 

0 



84 

15 

1 

17 

0 



57 

21 

7 

21 

0 



85 

14 

9 

17 

0 



58 

21 

0 

21 

0 



36 

14 

9 

17 

0 



59 

20 

6 

21 

0 



37 

14 

7 

17 

0 



5 0 

19 

8 

21 

0 

7 

8 

38 

14 

5 

17 

0 



1 

19 

5 

21 

0 



39 

14 

2 

17 

0 



2 

19 

5 

21 

0 



40 

11 

1 

17 

0 

10 

5 

3 

19 

5 

21 

0 



41 

14 

0 

17 

0 



4 

19 

6 

20 

8 



42 

13 

7 

17 

0 



5 

19 

6 

20 
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On the plate the tiace ot the hoiuontal vectoi toi Kmanrj Sa(/o 
on May 18 1901 ind that foi the period May 9 — 17 (s( ilc 

1 mm =027) IS inscnhed (fig 1) Eig 2' gives the sunt toi 
Bataua on the sane scale ind tig 3' 011 1 stile of 1 mm =17 
hig 3 gives the oscillation ol the vtititil intensit'^ it Bafavia on 
May 18 and the mean oscillation foi May 111 the ’(cai ol n 1111 iniuiii 
sunspot tiequenc> vi/ 1&S7 

linally the mean May vettoidngiim toi the peiiod 1883 — 1899 
foi Batama was msoited as haiiie A 

O 

Let us hist submit tlitst hgiiits to i closti e\iinination Tin 
ivtiage cuivt destiibcd by the t\tiemit> ot the hoii/ontil vcttoi 
at Kcnang Sago and at Balaam, deduced hom the ptiiod Mu 
9 — 17 tiiilv tojiesponds with that luoiding to tlic Miv dngi un 
1883 — 1899 but foi the fact tint at Kniang Sago the mi\miiim 
11101 nmg elongation uas not 1 cached bcloic 3 18 Gi tunc 

The inagnetogiam toi IQuavg Sago loi May 18 shows tint 
this maxiinuin cloiigition 11 is leachcd at about 4 0 Gi t on the 
given date while at 5 18 the descent had aheady set in as the 
movement of the needle slightly dcfiectcd tioin the noimil couisc 
latei on 111 the day it is loi the piesent impossible to stite -wliit 
the undistuibed couise would have been 

Two ways of building up a hypothesis on this aie open eitliii 
two points lying on two lathei undistuibed p uts may be connected 
with each othei — m cahu those toi 4 30 and 9 0 aie the most 
expedient foi this purpose — 01 the mean cuive may be moved 
paiallel to itself m such a wa> thit the point toi 5 18 shall coincide 
with the corresponding one tor 5 18 of the couise toi May 18 
If howevei theie was an eclipse distui ban ce we must feai that the 
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OIK it 5 1 S 1 c Inll in lioiii befoie the tune of totilitv had 
und{ itsdt Itlt ilieidy Foi Balama the difficulty of less mipoit 
incc foi hcic till Giiive between -130 ind 5 30 is dinobt paiallel 
to the me 'll! one (j\l ly 0 — 17) and it is obvious that the thing to 
do IS to link the points foi 4 53 (12 0 Bat t) coincide It will 
tliin ippc 11 tliat the points foi 8 0 again fall close to each othei 
which ill the iiioic snppoits oui hypothesis 

With icspcct to the Kman(j Sago vectoi cuive of May 18 fhe 
hist flung flnt stiikes us is the movement tow aids the yvest affei 
) Is ind its t istwMid clnnge of diicctioii at 5 45 inconsequence 
of whieh X loop is foi ined 

'I’lic second 11 V till mug points foi 

hoii/ontal lutcnsity at 5 48 
dnlinifion it 5 15 

(tofihfy at Kat Sajo 5 38 - If) 

lit oliMoiis on the nngiietogiun 

Alin (his flu move niciit tow nds the cast continues in eonsequenee 
of whitli i mudi 1 iigei loo]) is toinied in which the dncction of 
motion IS uvtistd tin hmmiiuuii eastern elongation being leaehed 
if () 55 

I'loni S (I (o s 30 flu inoecine nt yv IS pietty noiinil but iftci this 
mot lit 1 dilltdion toyynids the wtst sets in 

'I'lit ( iiivi loi lialana whtic the middle of the t dipst octuiicd 
d (>0 his 1 Kgnlii (oiiist till 5 50 iftti wdiich howcvei i dccicl 
((U\ wisteiii (Icfktfion yviili iiieit ised dcpiession of // show s itself 
(hinging I slioii finit dti i (i 0 info in cistw'aid niovement yvith 
iiKK is( of IL ind stopping it 7 1 5 It ivill lx noticed that the 
iitiM if 5 1 5 1 ( it flu v( I y moment vvlitn the sti iking loop 
iiiovtnitnL illiuhd to ibovi took place is quite smooth wheieis 
it shows a slight iiiegiil iiity it 0 15 {Vidi. tible) 

4’he iiist hypoflusis inidi m oidei to e\pl iin these meg uliiities 
IS f h if the yvestwxid movi incut ind fust loop it Kaiang Sago is 
yvdl IS tlu moviiiKiil low uds the west it weie caused by 

llu ulipse, tint ifteiwnids howcvei i common distuibance set in 
bunging tiboiif flic suond looj) xt Kmang Sago xnd fhe castw^aid 
d( Hi ( tion at Hahtota 

liOoking if flu v iiixfion niivc foi the vcitical intensity at 
on M ly IS togdhi 1 with flic noiinal one (M IV 188?) we see that the 
(oiiise IS I noiinal oiu till 5 10 after which time a decided deflec 
tiem occius following yvliieh in the dnection indicated by the bioken 
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line we fiist get an inciease until 6 20 then a deci ease until 7 35 
and fuithei an inciease again 

According to oui fiist hypothesis the hist inciease may be asciibed 
to the eclipse the stiong deciease to the second distuibance 

Fioni the iineiican obseivations ol 1900 Bauir concludes that 
some magnetic phenomenon attracting the noith end of the needle 
and following the ceiitial shadow’’ tiaveised the atinospheie 

Let us imagine this phenomenon to be connected with a height 
H above the suiface of the eaith and to be above some point at 
a distance X fiom the station ot obseivation The hoii/ontal 
component of attracting toice will then be 

CX 

(^2 _|_ X 2 ) % 

and, when appioaching tiom a distance oc this component will fiist 

inciease show a maximum when X = ^ H]/^ 2, deciease attci that 
and become zeio when 2' = 0 The veitical component will reach 
a maxim urn when 2^ = 0 

At the beginning the behavioui ot the distuibance component 
it Kcimng Sago fully agiees with this hypothesis The hist maximum 
was leached at 5 45, i e foui minutes aftei the middle ot tot ility 
The distance at which the magnetic phenomenon tollows the ceutial 
shade is not know'’n Consideiing howevei, that Hum Ctaiion 
has found ^ oOO miles = + 15 minutes ot time toi the mete 
oiological distuibance we may in this case igree upon i smallei 
distance as a mattei of course , some tew minutes will certainly 
come iieaier the tiiith 4s a minimum we find 4 minutes heic 
The rate of velocity of the ceiitial shade across Sumatra being 32 
KM pel minute we find H = 320 271 and 317 KM icsp 
with a lagging of 5 6 and 7 minutes 

The veitical component, deci easing iii the United States wlicic 
the north pole is dipping must have inci cased m Sumatra whcic the 
south pole is dipping which is confiimed by the obscivitions at 
Bataita It is to be legietted that the viiiations toi the veitical 
toice at Karatig Sago aie wanting, bee ruse they might probably have 
recorded the moment of the crossing ot the magnetic phenoinenoii 


) H Heim Cla\ion, Ihe eclipse cyclone and the diurnal cyclones Annuls of the 
Asti Obs of Haruud College Vol XVIII p 1 
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As 1 counteipnit to the fiist hypothesis clidwn up in Older to 
explain the vimtions of the nngnetie toicc at Kmang Sago and 
Jiataoui it is possible to iiiaic anothei iii which the influence ot 
the eclipse is assiinied to have woiked long uftein aids and to have 
piodneed the second laige loop it Katang Sago as also the east 
wild bend at Batavia 

A close stiiclv ot the niiteual gatheied by the diffeient obsemng 
stitioiis ovei the whole eaith, will peihaps leiidei it possible to 
decide between the two hypotheses 

Obbo) latwnf) dinnKj foimei eclyp'^eh 

Not befoie the obseivation of an influence duimg seveial eclipses 
it amU be possible to solve the pioblem in hand In view of the 
i ueness ot total eclipses it is of iinpoitince to take into conside 
ration toimei obseivations as well 

Foi this veiy icason 1 ventuic to cdl attintion to a papei by the 
hist diieetoi ot the Batavia Obseivatoiv Di B A Bliicsma Mag 
uetisehe w lainemingeii geduiende de /onsveiduisteiing van 12 Dec 
liS71 Natinulmduj Tijdhchnff oooi Ncdei/andst/z l/idti 1873 
To begin with, l)i Bircsma mentions ill that has heen obseived 
ni connection with the ciuestion undei consul eiation and tioin this 
liistoiual compilation it appeals that oveijthing done betoie 1870 
in ly be safeh dismissed without tiiithei notice 

In 1870 senes of obseivations ot the decliuition weie made in 
/tali/ (sola eclipse ot Dec 22 1S70) viz at Ihmnoia, (/S%c?A/ 
totility) Naples Borne Lioouto, Flotence Bolorpta Moncaheu 
Ml Diamiiia — Muilir the oigaiii/ei and obseivei at 
liicl clown his lepoits ni the C B LXXIlt p 575 and 1230 
while hi published the obseivations in full in i papei entitled 
Bchm Male del sole del 22 JDec IS70 Ossemiziom Mefeonche 
c mag /Mu he ei,eginh m le/ut/iooa di Smlm Belazxo/ie dx D B 
Diamiita -Mutier e Lucciaxio Serna Milaxw R Trives 1872 
Diamiiia — Mur rill was ot opinion that he had observed a very 
pionouncdl influenec but in a shaip ciiticism Bbrgsma pioves 
histly, tint Diaaiiii A - Mutiee made the obseivations in a supei 
final way and inteipieted them with a biassed mind secondly, 
that by mistake the scale value toi Tex/am/va was counted double 
In 1^71 Bpugsma made some obseivations ot the declination 
at Baiarna and it Bwxtenzoig, and attei a sciupuloiis examination was 
led to the conclusion that the Italian obseivations no more than 
those in Java proved the declination of the needle to be influenced 
by the solai eclipse 
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Below aie given the declination values at letranota (with coi 
lected scale value) as westein deviations Horn the most e istein lead 
ing foi that place obsei\ed at 9 30 am togethei with the devia 
tions fiom the noinial values at and both duiiiig 

eclipse time The beginning of the eclipse at Ihiatiovn occuiied 
at 0 41 the totality at 1 57 the end at 3 lb (loc time) At Bm 
tenzoig these moments weie lespectivelv 9 6 10 29 Yg and 0 5 

Vaiiations of Western Declination obsuved at (AiciAa), 

on Dec 22 1870 
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At Ih Banova the day of the eclipse was not magnetically quiet 
Aftei the hist contact the needle moved towaids the west but 
aftei a qiiaitei of an houi the movement went towaids the east 
and the maximum eastern deflection was i cached a few minutes 
befoie the time of totality Aftei waids the needle moved towaids 
the west peifoimed anothei movement towaids the eist xnd hnally 
occupied a western maMiiiiim at the last contact 

Duiiiig eclipse time at Batavia and Bmten^oig the needle pei 
toimed a movement of about one minute and a half of aic towaids 
the west which was howevei inteiiiipted by a paitial letiogies 
Sion towaids the east lasting fioin halt an hour befoie the middle 
ot the eclipse to Inlt an hoiii aftei The tiansition fiom the move 
ment towaids the east to a movement towaids the west took pi ice 
a f(w minutes befoie the middle 

Consequently it can scaicely be avoided to conclude that in 
Biaha in 1870 and m Java iii 1871 duiing the eclipse a move 
ment of the needle was obseived the leveise of which was obseived 
at Kaianq Sago and at Batavia in 1901 


Bafavii, \ugust 1901 
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TOTAL ECLIPSE OF THE SUN, 

May 18, 1901 

Polar imebtc Study of the Cotona 

BY 

W H JULIUS 


It has been ascertained by many observers that the light 
of the Corona is partially polarized in planes, passing through 
the centre of the Sun, but as to the percentage of polaiized 
light issuing from the different parts ol the corona only very 
little IS known 

We, therefore, decided to take advantage of the exceptionally 
long duration of this eclipse by making a quantitative study 
of the state of polarization in as many well determined points 
of the corona as could be investigated within the six minutes 
of totality 

The plan adopted was, to dried a double image polarimeter 
(of the Cornu pattern, slightly modified) on different points 
of the coronal image, formed by a telescope A refractor of 
Steinheil Schroder (belonging to the Leiden Obseivatory) with 
an object glass of 10,8 c m diameter and 275 c m focal 
distance was available for the puipose The eye-piece was 
leplaced by the polarimeter piece, which had been constructed 
after my design by Mr G Koolschijn, mechanician of the 
Physical Laboratory of the Utrecht University, so as to answer 
the following conditions 

While the centre of the image of the eclipsed Sun was kept 
on the optical axis of the telescope (by a device to be described 
below), it should be possible fiist to select a proper point of 
the coronal image and to read its position, then quickly to 
adjust the polarimeter for measuring the degiee of polaiization 
in a ladial plane at the selected point, the whole operation 
taking less than half a minute 
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This end has been attained by mounting the polanmeter 
PP (Plate I, fig 1) on a slide S so as to allow its optical axis 
to be moved parallel to itself in a plane, containing the optical 
axis of the telescope The slide S moves between the lulers T 
and T (fig 2) which are screwed on a circular plate A with 
two projecting parts and These parts beai by means, 
respectively of a spiral spnng s (Plate I, fig 1) and of an adjusting 
screw t on the corresponding projecting parts and hg of the stout 
brass ring B At right angles to the line bg two nuts bg 
and b^ (cf fig 2) protrude from B, they sustain the plate A, 
clasping it between two pointed screws By working the adjusting 
sciew t, a small inclination may thus be given to the optical 
axis of the polanmeter (in order to make it catch the light 
fiom the central paits of the objective even when it is placed 
in a very eccentric position) 

The ring B fits into the strong ring C with a conical tap 
allowing it to be turned round easily and, when required, to 
be fixed by means of the pressing sciew D C is soldered to 
a short tube E having a lock-ring F by Avhich it is fastened 
to the telescope tube An index engraved on C serves to 
indicate the position of the ring B which is divided into degrees 
F 01 reading the distance between the optical axis of the polari- 
metei and that of the telescope a millimeter scale with nonius 
(not shown in the figures) is provided on the slide The latter 
IS moved with rack and pinion, B is revolved by hand By 
these means it is easy to fix the axis of the polanmeter on 
any point of the corona, to read the position angle and the 
radius vector of that point, and then to determine the degree 
of polarization m the radial plane , m fact, the principal plane 
of the polarizer, if once set perpendicular to the slide, will 
be perpendicular to the radial plane in any position 

The polanmeter consists of the follow mg parts Thepolanzer 
IS a plane parallel plate of Iceland spar I one centimetie thick, 
giving two images one milhmetie distant from each other 
This spar has been substituted foi the Wollaston prism of 
the onginal Cornu polanmeter, because the combination of the 
mstiument with a telescope required the two polarized beams 
not to diverge It is mounted m the end of a tube M fitting 
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With Strong friction into the tube N which is fastened on the 
slide The other end of M carries an index, under y hich the 
divided circle of the analyzei (a Glan piism G) can be revolved 
The principal plane of the spar plate 1 being adjusted perpen 
dicular to the direction in which the slide moves, we see the 
extiaordinaiy image always shifted at light angles to the 
Sun’s radius 

In the focal plane ff of the telescope a screen is piovided, 
which can be moved by means of the crank E round the 
axis v and which has two openings to be used alternatively 
(cf fig 2) One is a square hole A, of 1 m m side, the othei 
a circulai glass window w, of 1 c m diametei in the centre 
of which a squaie milhmetie is engraved Either of the squares 
will occupy exactly the same place in the centre of the held 
of the polarimetei when the ciank is pushed against one of two 
accuiatcly adjusted stops by which the movabihty of the screen 
IS limited An enlarged double image of the opening is seen 
thiough the lens L 


The pioccduie with the instrument is as follows 
An assist lilt is chai god with keeping the centie of the eclipsed 
bun in the axis ot the telescope by the aid of a special finder 
and a setting aiiangement (cf below) He also reads the 
position of the ciicle B after every setting made by the observer 
Each sepal ate observation begins with putting the glass window 
into the central position and the piincipal plane of the analyzer 
parallel to the slide, thus allowing only the ordinary image 
to pass, and a considerable portion of the phenomenon to be 
seen at once Now tlie obseivei works the pinion of the slide 
and turns the iiiig B until the small engraved square includes 
the legion of the corona where the polarization is to be measured, 
then he reads the position of the slide, and, by pushing the 
crank, he substitutes the square hole for the window The 
analyzei is now turned until the two images of the hole (which are 
exactly ni contact along one side) show equal intensity If it 
has to be turned thiough an angle «, the proportion of the 
polaiized to the total light is given, according to the theory 
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of the instruraent, by cos 2a A second assistant notes the 
thiee scale leadings and the remaiks made by the observei 
Then the crank is pushed back against the first stop and another 
observation prepared 

The adjustment of the centre of the total phenomenon m 
the centie of the telescope field should, of couise, not be inter- 
fered with by manipulating the polarimeter Accordingly, the 
eye end of the telescope was kept in position by means of two 
drawbars of adjustable length One of them connected the 
eye end to a i emote point of the veiy long hour axis®), thus 
fixing the telescope in the desired declination, the other joined 
it to a fixed point which was selected so as to permit the daily 
motion to be followed by giadually alteimg the length of that 
bar To perform this, the crank of a simple geai had to be 
tuined lound about once a second The assistant, charged 
with this manipulation, controlled his setting by continually 
observing the position of an image of the eclipsed Sun, this 
image was foimed by a findei lens, of a 6 m focal distance, 
on a w^hite screen, and had to be kept there concentric with 
a circle, drawn with a ladms slightly exceeding that of the 
Moon’s image By this method the Moon’s centre instead of 
the Sun s centre was adjusted in the optical axis, but the 
relative motion of the two centres being known, the scale 
leadings could be coirected accoidmgly 


’) If we denote by ^ the intensity of the ordinary beam leaving the spar plate 
by t the intensity of the extraordinary beam then the ratio of the polarized to the 
total hght issuing from the considered part of the corona is given by 

'Z'C — 'to 


te + 'to 

Now, if the principal plane of the analyzer makes an angle a with the shde the 
intensity of the transmitted part of the ordinary beam will be proportional to cos 
of the extraordinary beam to ^e stn and the setting consists in making these 
intensities equal 

^o cos == Ze s%n 


Hence 



= cos 2 a 

t to 

The parallactical mounting of the telescope was of the English pattern the 
declination axis being attached in the middle of a long frame forming the body of 
the hour axis, which rested on two masonry piers havmg a distance of 3,20 m 
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LiGutenant T J van der Esgh, who wa.s m charge of the 
polaiimelei has succeeded in making eleven obseivations 
during totality 

This veiy satisfactoiy result could not have been obtained 
without having piactised undei conditions sirailai to those 
prevailing duiing the eclipse Dr J P van der Stor had 
kindly suggested the constiuction of an artificial toiona for 
the dulls This was easely accomplished with the assistance 
of a mechanician of our man of war Sumatra 

Two lion hoops one of 80 and the other of 20 cm dia 
metei, were joined together by several straight ironiods each 
60 c m long, so as to form a stunted cone (Plate I, fig 3) A 
smooth conical sui fact was obtained by coating the inside with 
white caid board M indicates a black disk of 25 c m diameter, 
repiesentuig the new moon, and supported by two stiong 
wiies, not visible in the figure Behind it was a small mean 
descent lamp L, which illuminated the conical suiface 
When the apparatus was placed at a distance of 2821 cm 
flora the objective of the telescope and the tube diawn out 
coiiespondiiiglj, an image of the black disk exactly equal to 
that of the moon on the day of the eclipse (2,702 c m dia- 
mctei) was foimed on the screen of the polarimetei Thedaik 
image was surrounded by an aureole of light partially polarized 
m ladial plants, very much like the corona By painting black 
stieaks on the bulb of the incandescent lamp the coronal 
streamers could be loughly imitated and the proportion of 
polari/ed light was varied by locally covering the conical suiface 
with pieces of paper of different colour and reflecting power 
After some practice it was possible to make, on the artificial 
corona, 12 complete observations within 6 minutes The results 
could, of course, be conti oiled afterwards at ease The prob 
ible eiior of a quick setting of the analyzer proved to be 
almost 1", during the eclipse it may have been somewhat 
greater m consequence of the less comfortable position of the 
observer 


’) Another iirrangomcnt for producing an "irtificial corona has been described by 
R W Wood, Nature 61 p ilO (1901) 
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A few minutes befoie the beginning of totality, as well as 
a few minutes after the end, the diffused light of the sky 
lound the Sun (at a distance of about one diameter from the 
limb in the directions North East, South, West) was analyzed 
in order to decide whether any atmospheric polaiization could 
be detected The lesult was negative 

In the following table we give the readings made by Mi 
Van der Esch and his assistants during totality, together with 
the lesults derived from them The position angles are counted 
from North through East, the radius of the Moon’s image is 
13,5 mm Fig 4 shows the positions of the points chosen 


TABLE 


Nr 

Position angle 

Eadms vector 

Reading of analyzer 

a 

Proportion of polar 
ized light eos 2 a 

1 

218,5° 

15 nam 

38° 

0,242 

2 

218,5 

20 

34 

0,375 

3 

145 

14 

37,5 

0,259 

4 

155,5 

15 

43 

0 070 

5 

136,5 

22,5 

45 

0,000 

6 

73,5 

15 

38 

0,242 

7 

73,5 

20,5 

42,2 

0,098 

8 

73,5 

22 5 

45 

0,000 

9 

48 

14 

38,2 

0,237 

10 

48 

18 

34 

0,375 

11 

48 

24 

44 

0,035 


It appears from these numbers that the light of the corona 
IS more strongly polarized at a certain distance from the Sun’s 
limb than very near to it At still greater distances the 
polai ization decreases again A similar result has been obtained 
by Perrinl That the observation Ni 4 has given a smaller 
proportion of polarized light than Nr 3 may have been caused 
by the fact that m the former case the pointing was made 
on one of the dark rifts A certain disturbing influence, which 


Astroph Journ XIV, p 3o4 (1901) 
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we are now going to discuss, might however also be responsible 
foi this disci epancy 

As light clouds and haze weie continually veiling the phen- 
omenon, the (juestioii aiises, how fai this may have influ- 
enced the lesults obtained Clouds might ha\e an appieciable 
depolarizing effect on the transmitted light 
In order to get some idea regarding the pi obable magnitude 
of such an influence, 1 made the following expeiiment 

Into a horizontal glass tube, 122 cm long, 8 cm wide, 
and closed with plate glass at both ends, some cigar smoke 
was blown through a side tube As the enclosed an wis 
kept saturated with water vapour (the tube being moistened 
inside), a fog could now easily be pioduced oi dissolved b> 
suddenly diminishing or raising the pressure In most of the 
experiments the density of the fog was such, that a paiallel 
beam of light travelling thiough the tube, lost moie than 0,9 
of its original intensity by diffusion 
A diaphragm with a circular opening was placed in front 
of the condenser of an arc lamp, and an image of the opening 
was focussed, through the glass tube, on the scieen (with the 
square hole) of the polaiimeter that had been used in the 
eclipse The image and its sui roundings could be examined 
]ust as had been done with the corona 

It the incident beam was totally polanzed by means of a 
Nicol prism, and the fog alternatively produced and dissolved 
this did not affect the polarization of the image of the opening 
in any appreciable way Indeed, from a great number of 
settings I came to the conclusion that, if in the transmitted 
light a component polarized at right angles to the oiiginal 
plane of polarization might have been present, its intensity 
could not have exceeded 0,0001 
It IS, therefoie, not probable that the condition of polarization 
of a directly transmitted beam of light should suffer any change 
from thin clouds 

But the clouds may have exercised a disturbing influence 
on the observed polarization of the corona in a somewhat 
different way 
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In the above mentioned expeiiment the light diffused by 
the haze and sui rounding the direct image, has also been 
studied, it proved to have pieseived complete polaiuation in 
the same plane 

Novp, at a point a in the image of the corona we meet not 
only with the light coming from the coiiespondmg legion a 
of the corona itself but also with light, diffused by the clouds, 
and issuing from other places bed of the coiona This 
diffused light bungs with it, accoiding to our expeiiment, tbe 
polaiization belonging to b, c, d and will, therefoie, m 
the point a of the xmaqe exercise an influence which we may 
call depolarizing 

It stands to leason that among the lays coming to a by 
diffusion those will pievail, wich proceed from the neaiest 
surroundings of a and whose planes of polarization therefore 
differ only very little fiom that of a A sensible change in 
the state of polarization can only occur when even i emote 
parts of the coiona contiibute ui a perceptible measure to the 
diffused light at any point of the image So we must try to 
estimate the intensity of the diffused light at different angulai 
distances fiom a central beam 

Some of the photographs of the corona, secured by our 
expedition, correspond to the moment of thud contact The 
point where the flist ray of direct sunlight became visible is 
there surrounded by an aureole of diffused light The distri- 
bution of the intensity in that aureole gives us some idea of 
the proportion of diffused light in various distances from the 
direct beam It show^s that, assuming conditions similai to 
those which prevailed at the moment of thud contact, the 
influence of distant parts of the corona on the polarization 
observed at any selected point must have been small At some 
epochs during totality it may have been gieatei, but, when 
considering the whole senes of photographs of the coiona, we 
get the impression that the clouds have not materially disturbed 
oui polanmetric results 





TOTAL ECLIPSE OF THE SUN, 

Hai 18, 1901 

Heat Radiation of the Sun during the Eclipse 

BY 

W H JULIUS 


Gonsidenng the elementary state of our knowledge of the 
proportion in which the ladiating power of the Sun is distri 
buted over the disc and its surroundings, we decided to confine 
ourselves to integrating observations, leaving a detailed study 
of the coronal heat radiation for futuie research 

Our principal aim, therefore, was to find the ratio of the 
total heat emitted by the corona to that emitted bv the 
uneclipsed Sun 

Attempts to detect the solar corona in full sunlight by means 
of its heat ladiation have been made by M Deslandris and 
by Professor Hale with contradictory results *) The evidence 
obtained by the latter, that the intrinsic heat ladiation (foi 
unit surface) of the corona must be very small even in com 
parison with that of the Moon, was confirmed by Mi Abbot’s 
observations during the eclipse of May 1900®) 

The method 

In the arrangement used by Mr Abbot the rays were con 
centrated upon a bolometer strip after having suffeied seven 
reflections by silvered mirrors It seemed to me desiiable to 
contiol this method by anothei one m which mirrors as well 
as lenses and prisms weie wholly dispensed with in order that 
no possibility might be left for attributing any heating effect 
observed during totality to the proper radiation of an optical 


Debt ANDRES A<?troph Journ 12, p 36b Hail ibid p ^72 
-*) Abbot, Astroph Journ 12 p 71 Langley Ihe IDOO Solar Eclipso Pxpodition 
of the Abtroph Oservatory of the fomithsonian Institution Wnshington, 1904 p 22 
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tiain, which might have leceived direct sunlight shortly before 

So I fixed on the very simple plan of exposing the heat 
measuring instrument directly to the Sun, without anj concen 
tration of rays 

This method allowed, besides, of an almost continuous 
measurement of the total solar radiation during the whole 
eclipse, from the first till the fourth contact which was not a 
small advantage Indeed, the exact shape of the uneclipsed 
part of the Sun’s disc being known foi every instant on w'hich 
a heat observation w’^as to be made, it would be possible to 
employ the whole series of observations for calculating the 
intensity of the radiation proceeding from the successive con- 
centric zones of the disc It is true that the distribution of 
the heat radiating power all over the solar disc has already 
been studied m full sunshine by exploring the image with a 
thermopile or a bolometer, but we must not forget that in 
those investigations the results may have been disturbed by 
atmospheric radiation dispersion and diffraction If, on the 
other hand, the Moon acts as a screen, the disturbing or rather 
levelling influence of our atmosphere must be less, especially 
during the obseivation of narrow crescents For this reason 
the curve, representing the varying intensity of radiation during 
the whole eclipse, would yield veiy valuable data for determining 
the emissive power of the various zones of the disc 

Several reasons, which I shall not now discuss, led me to 
prefer the thermopile to the bolometei as a heat measuring 
instrument in the present investigation 

The thermopile had to be mounted in such a manner that 
the following two conditions were fulfilled 1“* that each part 
of the sensitive surface should receive rays fiom all the parts 
of the source under investigation, and, that no other 

source of radiant heat should in any way affect the galvano- 
meter readings 

Accordingly, the cucular sensitive surface (with radius r) 
was fixed into one end of a long tube containing a set of 
diaphragms with increasing openings, the last one having the 
radius B (Plate II, fig 1) All radiating points lying within the 
conical space Q, shine upon the whole surface Trr^ , each point 
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lying within the annulai conical space Q, — 11 sends its rays only 
to a pait of the sensitive surface The joint action of the latter 
points on the instiument will not be proportional to the total 
radiation proceeding fiom them, foi if the same sources, preser- 
ving their distances from the pile, were distributed otherwise 
within the annular space, their effect would be different As 
we want indications that are propoitional to the total radiation 
of the entire phenomenon, we must take care that this be wholly 
situated within the conical space and, moreover, that 
be small as corapaied with fl, lest distui bing sources of radiation 
might happen to be present in the annular space Sources lying 
outside Cl can do no harm, provided the tube with the dia- 
phiagms and the cover of the thermopile are well shielded and 
at uniform temperature 


It IS easy to expiess the ratio in terms of randi? 

Indeed (cf fig 1), 


== 2 ^ (1 — cos A) 

Cl = 2 — cos (A + 5)^ 

Cl' — Cl = iw <im ^A ”1" 


A as well as S bung less than 2°, we may put 
Cl — Cl == 2 7 ^ A TT 


hence 


fl = sin^ 


A 

2 


= JT A®, 


Cl 


a 


Cl 


= ^ _L I'lV 

A VA/ 


so S should be taken much smaller than A 

Now, if through the centie of the sensitive surface we draw 
a line paiallel to PQ, we immediately see that 

2 r 


A P 

A = -vm; — ? 


and, therefore 


Cl 


PQ 

- Cl 


s = 


PQ 


4- r B 


Cl (_B — rY 

In our apparatus we made r = 2,5 ram , i? = 40 mm , hence 


Cl — Cl 
Cl 


= 0,284, 


9l. 

Cl 


1,284 


The two cones Cl and Cl will cut the celestial sphere m circles 
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whose radii aie in the latio l/o, '\/£i= 1,133 This is 
represented in fig 2 on Plate 11, the bioken circle being the 
boundarj of the field 11 from which every point i adiate« to the 
whole sensitive suiface, and the continuous circle showing the 
limit beyond which no object can send rays to an^ part of 
that suiface The diameter of the field H has been chosen 3° 
(A = iVa"), thus, when the Sun is in its centie, the field may 
be taken to embrace the whole of the efficient corona, whilst 
no effective souices of radiation lie within the annular space 
n — Accordingly the heat leceived will be proportional to 
the total ladiation of the phenomenon 


Description of Apparatus 

In fig 3 (Plate II) the tube (which was mounted parallactically) 
IS represented in the nght piopoitions at scale 1 to 10 The inner 
tube IS made of copper in order to favoui equalization of 
temperature It is provided with 8 biass diaphiagms highly 
polished on the side facing the incident light and blackened 
on the back-side The copper tube is envelopped by a layer 
of felt, 15 m m thick, then comes a zinc tube, then a layei 
of cottonwool and finally a thin tin-plate coahng The uppei 
end of the zinc tube cariies a system of two flat rings of alu- 
minium, and Ag, joined together by three ebonite rods the 
first ring shields the other one fiom direct sunlight and the 
system serves to protect the outside of the tube against radiation 
if the axis should not be diiected exactly on the Sun Between 
the aluminium rings is a moveable screen oi shuttei, consisting 
of 3 isolated aluminium plates and fastened to one end of a 
lever, the other end carrying a countei poise By woiking the 
head of the rod R the lever may be turned between two stops 
and thus the inside of the tube exposed or screened 

The details of the thermopile P aie visible m figures 4 and 
5 which show in natural size the backsight and a cioss- 
section of the piece fitting the lower end of the coppei tube 
The pile consists of eight elements arranged in a circle They 
were constiucted as follows The therm o-electiic alloys used 
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are 97 + 3 Sb and 94 Bt 6 Sn Very thin (0,05 mm) 

plates of these alloys, obtained by pouring the molten metal 
on plate glass weie cut into the shape of small triangles with 
a basis of 2 m m and height 4 ra m Two tnangles forming 
a couple were soldered with then bases to the ends of two 
coppei wires kept in position by the small ebonite block e and 
a bead of shellack s This little fiame was pinched by a screw 
between the biass block b and the brass plate c, from which 
it was electrically isolated by two thin sheets of paper The 
tops of the two triangles were soldered with amici oscopical bit 
of Wood’s metal on a small sector of silvei plate, blackened 
at the other side, which formed part of the exposed surface 

By this arrangement several advantages were obtained The 
pointed shape of the alloys selves to i educe the conduction of 
heat from the exposed to the shielded junctions, and the heat 
which leaches the latter is quickly removed through the copper 
wiies to the biass body of the instrument Both ciicumstances 
join in inci easing the difteience of temperature between the 
junctions for a given intensity of radiation, i e the sensitiveness 
Owing to shape size and matenals of the parts to be heated, 
the stationary condition of temperature is attained within a 
few seconds Moieover, the ariangement permits the testing 
of the electric il piopeities of each couple at any time ^n situ 
and in case of accident to remove and repair an element 
without danger to the rest 

Ihe copper wires of the successive elements aie soldeied 
together and the terminals of the pile connected to the copper 
blocks Qi and Qg Of course, the utmost care has been taken 
to avoid thermoelectric action in all other parts of the circuit, 
including the galvanometer and the resistance coils In figures 
4 and 5 we see the stout brass plate B on which the eight 
elements are mounted, and which is provided with an ebonite 
ling E serving to protect it fiom being too much heated by 
the obseivei’s hands duimg the preliminary manipulations 
Fig 5 shows, besides, the cover C protecting the thermopile 
and the cvlmdncal box D which is screwed on B and fits the 


*) Hutchins Am Journ of Sc 48, p 226—230, 1894 
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large copper tube T Between the bottom of this box and the 
thermopile a ^mall tube with diaphragms is inserted The 
opening 0 in the bottom may be covered with a thin plate of 
rock-salt oi fluoi-spar when there are troublesome air-currents 
or othei wise kept entirely free The shielding of the thermopile 
from external influences is completed by a thick layer Of cotton 
wool and a covering box of zinc, through which only the wires 
leading to the pile have free passage 

It was decided that during totality the axis of the instrument 
should be directed iii succession to four points of the sky, 
situated to the North East, South and West of the Sun all at 
a distance of 3“ from the disc, and that between each two of 
these exposuies the axis should again be pointed towards the 
centre of the Moon In order to allow the required settings 
promptly to be made, a finding arrangement, consisting of a 
lens L and a white caidboaid screen 8, was attached to the tube 
On this screen five ciiclets were marked, m which the assibtant 
had successively to catch the image of the corona by moving 
the tube 

For measuring the thermoelectric currents a galvanometer of 
Du Bois and Rubens, with magnetic shielding and specially con 
structed for use in the tropics, has been employed A millimeter 
scale s (fig 61 on plate glass, 1 meter long was placed at a 
distance of 6,40 meter from the needle system and brilliantly 
illuminated by strips of a large concave mirror throwing images 
of a petroleum flame f through the scale on the galvanometer 
miiror The readings were made with a telescope placed near 
the galvanometer The observer had the resistance boxes and 
keys close at hand and w’-as able to check the sensibility of 
the galvanometer whenever lequired 

Fig 7 is a didgiam of the connections By means of the 
key (which was caiefully kept at a uniform temperature) 
the galvanometer might be put either into the gauging circuit 
or into the circuit of the thermopile The resistance of the 
galvanometer was 3,6 ohms , with ^400 volt and aOOOO ohms, 


The mstrument has been constructed by Mr G Koolschijn mechanician of 
the physical laboratory of the Utrecht university 
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as in the diagram, it gave 300 scale divisions on the eclipse 
day, the complete oscillation period being 15 seconds This 
has been taken as the normal condition of sensibility , it corres 
ponds to a deflection of one millimeter foi 4 X 10 — ampere 
All observations made on former days with other positions of 
the adjusting magnets have been i educed to this normal sensi 
bility Of the two needle systems belonging to the galvanometer 
the heavy one was used for the sake of steadiness The resistance 
box B, put in circuit with the thermopile, was of the decade 
type with moving arms, the utmost care had been taken to 
keep it at a uniform temperature When full sensibility was 
requiied, a copper plug was inserted between the coppei pieces c 
and c, thus reducing the whole resistance of the circuit to 8,2 
ohms (galvanometer 3,6, pile 4,34, wires 0,25) When, on the 
othei hand, the effect of full sunshine at noon had to be lecoided, 
it was necessary to insert B = 30000 ohms, then deflections 
of more than 500 millimeteis were still obtained 

I had expected that the rocky ground of Sumatra’s West 
coast would be steady enough to make antivibration precautions 
superfluous But the soil of our eclipse camp was sandy and 
only 200 to 300 meters distant from the shore , so the stately 
rollers of the Indian Ocean, though not influencing to any 
appreciable degree the steadiness of oui astronomical mstiuments, 
proved to be detrimental to oui obtaining accurate galvanometer 
readings On a surface of mercury, placed anywhei e in or near 
the camp, a slight but almost continual iipplmg was observed, 
in which the periodical arrival of bieakers on the coast could 
be distinguished 500 meters farther from the shore was the 
nearest offset of the mountains, a thickly overgrown rock, 55 m 
high On its summit the mercury appealed perfectly calm but 
the ascent was too difficult and the distance from the camp too 
great to have a part of our expedition settled there 

An antivibration apparatus had, therefore to be constructed 
with wood and rattan so as to answer as far as possible the 
theoretical requirements ^ , it was suspended by thiee steel wires 


W H Julius Fin Apparat fur erschutterungsfreie Auffitellung Zeitschr fur 
Instrumentonkunde 16, S 207 1896 
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from tlie top of a strong bamboo frame, 4 m high The an an 
gemeiit pioved very satisfactory On Plate I of the „Geneial 
Account” (Reports ot the Dutch Expedition to Karang Sago N® 1) 
the hut with the galvanometer and accessoiies is indicated by 
the tube with the thermopile by m 

Some idea of the efficiency of our theimopile may be got from 
the following experiments The mstiument was pointed hori- 
zontally at some distant undeiwood having a temperatuie of 
about 29° This gave the zero 1 eading Then, if at 7 m distance 
fiom the pile a peison put his head m the way of the beam, 
a deflection of -f 15 scale divisions w'-as obseived, although the 
temperatuie of the body exceeded that of the landscape by a 
few degrees only A piece of ice (some 150 gram) at 7 m 
distance produced a deflection of — 11 divisions if it was shaded, 
and of -p 5 divisions if it was exposed to sunlight so as to 
reflect a little of it into the tube Pointings on the zodiacal 
light gave no positive lesults, but when directing the pile upon 
the nocturnal sky, a difference of 40 scale divisions was observed 
between altitudes 5° and dO® Observations of the latter kind, 
if systematically earned on, might perhaps lead to some valuable 
results regarding atmospheric radiation 

Results 

The following table contains the data of the obsei vations of 
solar radiation, made on Mav 6, 14, 15 16 and 18 The first 
column gives the time of the observations and some remarks on 
the condition of the sky In the second column is indicated 
the total resistance of the galvanometer circuit, in the third the 
deflection produced by a current of microampere, as measured 
]ust before beginning a set of observations and controlled at 
the end of it Each deflection recorded m column 4 is derived 
from 3 leadings screen, exposure, screen The assistant who 
was in charge of keeping the thermopile in the right direction 
by the aid of the finding arrangement, worked the shutter of 
the tube at the signals „open” and ,.shut” given by the observer 
at the telescope At the signal „open”, the time was read by 
a second assistant During the partial phases of the eclipse the 
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obseiver had occasionally to vary the resistance of the circuit 
Time, lesistance and readings weie wiitten down by a third 
assistant The fifth column, finally, contains the „reduced 
deflections ’, calculated for sensibility 300 and resistance 8 
These numbeis may be consideied pioportional to the heat 
received, as was confirmed by experiments made at home and 
by the fact that they actually wtie in the known propoition of 
80000 to 1 for settings on the Sun and on the full Moon 

TABLE I 


Time 

Eesistance 

Sensibility 

Deflection 

Reduced 

deflection 

May 6 


199,5 



(clear) 

20000 a 

388 

1457000 

8 1 



392 

1472000 

3 



395 

1484000 

4 



396,5 

1490000 

5 



396 

1488000 

8 



403 

1515000 

0 11 



429 

1611000 

13 



428,5 

1609000 

15 



436 

1639000 

17 



441 

1658000 

19 



444 

1668000 

ai 



441,5 

1660000 

23 



444 

1668000 

25 



441 

1658000 

10 11 



465 

1747000 

IS 



484 

1819000 

17 



470 

1766000 

19 



‘ 469 

1761000 

21 



469,5 

1764000 

23 



475 

1784000 

11 44 


! 

517 

1941000 

46 



489 

1837000 

48 



475,5 

1786000 

50 



485 

182S000 

52 



483 

1815000 

54 



499 

1875000 

56 



499 

1875000 

58 



504,5 

1895000 

12 0 


1 506 

1902000 
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Time 

Resistance 

Sensibility 

Deflection 

Reduced 

deflection 

May 14 


260 



(hazy, 9h42i^ 

20000 


457,5 

1319000 

light clouds) 44 



443,5 

1279000 

45 



447,5 

1290000 

47 



435 

1254000 

50 



440 

1268000 

May 15 


235 



(rather 9 51 0® 

20000 


504 

1588000 

clear) 53 25 



511 

1610000 

57 2 



517 

1627000 

58 31 



516 

1624000 

10 1 4 



523 

1646000 

3 3 



524 

1650000 

5 4 



507 

1595000 

8 6 



496,5 

1562000 

24 53 



534,5 

1681000 

26 42 



549 

1729000 

28 43 



543 

1710000 

May 16 


330 



(no clouds, 12 24 37 

2000C 


723 

1642000 

but hazy) 26 34 



675 

1534000 

27 56 



717 

1627000 

May 18 


300 



(clouds ) 10 38 57 

30000 


331 

1241000 

40 54 



450 

1687000 

firs* contact 46 10 



470 

1762000 

51 56 



354 

1326000 

54 8 



215 

806500 

57 27 



330 

1237000 

59 3 



342 

1282000 

11 0 52 



231 

866000 

4 29 



90 

337500 

6 43 



221 

829000 

9 56 



132 

495000 

11 53 

20000 


158 

395000 



298 



18 22 



201 

506000 

21 42 



142 

357200 

23 57 

10000 


338 

425000 

(thick clouds) 





43 42 



45 

56600 
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21 


Time 

Resistance 

Sensibility 

Deflection 

Reduced 

deflection 

Ilh45m57s 



142 

178600 

47 

28 



44 

55400 

51 

25 



3,5 

4400 

12 2 

3 

2000 n, 


31 

7800 

3 41 



—0,5 

0 

6 

7 



10,5 

2640 

12 

6 

400 


9 

455 

13 46 

100 


76 

956 

15 

20 



143 

1800 

12 16 47 



183 

2300 

18 

54 



48 

604 

begin of totality 


Scale reading 
on corona 

Scale reading 
near corona 












21 

0 

82 

257 



21 

20 



N 250 

—8,5 

21 

40 


260 


22 

0 


272 



22 

20 



S 270 

0 

22 

42 


268 



23 

5 


270 



23 

26 



W 268 

-7 

23 

50 


280 



24 

39 


274 



24 

59 



E 272 

0,5 

25 

20 


269 



end of totality 



Sensibility 

Deflection 


12h26m]8s 


298 



31 

54 

2400 


130 

39250 

33 

17 



131 

39550 

34 

40 



246 

74300 

36 

13 



291 

87800 

17 

57 



533 

161000 

40 

1 

10000 


177 

222700 

41 

17 



183 

230200 

42 

48 



219 

276000 

44 

21 



31 

39000 

47 

23 



12,5 

15700 

50 

11 



9,5 

11900 

56 

32 



9 

11300 

58 

2 



11 

13800 

1 5 

44 



12,5 

15700 

12 

3 



>500 

> 600000 


22 


TOTAL ECLIPSE OF THE SUN MAY 18 1901 


On Plate III the results are plotted down Even on a cleai 
day like the 6^*^ of May the march of the radiation with the 
Sun’s altitude was not quite regulai, piobably on account of 
invisible haze, but most times the sky was nebulous or partly 
overcast, which made the heat observations a rather tedious 
work Indeed, veiy favorable conditions for measurements of 
this kind could not have been expected near the sea in the 
tropics 

On the morning of the 18*** very discordant deflections were 
obtained, clouds continually passing before the Sun Dunng 
the time between the fiist and the second contact only 25 detei- 
mmations of radiation were made at moments when the clouds 
weie not too thick At 10** 45”, shortly before the first contact, 
the Sun had been shining through a perfectly clear patch of 
the sky, making the radiation reach its normal value of May 
6*** at the same houi of the day This is fully confirmed by 

the results obtained with the pyrhehometer (cf below), foi at 

the epochs 10“ 40“, 10“ 45“ and 10“ 48” the indications on 

the milhammeter of the latter instrument "were respectively 97, 

101, 94,4, the number 101 con esponding exactly to what was 
found between 10 and 11 o’clock on a cleai day 

The diminution of the Sun’s total heat radiation during the 
partial phase, which in case of clear weather could have been 
registered by almost continual observation, now of course failed 
to reveal any law At 12“ 18” 54% i e 62® before second 
contact, a reduced deflection of 604 was still pi oduced through 
the clouds 

After the beginning of totality the shutter of the thermopile 
was permanently kept aside and the instrument was directed 
in succession to four points of the sky, situated to the North, 
East, South and West of the Sun, each at a distance of 3° from 
the disc , but between each two of these exposures the corona 
was returned to the centre of the field and two readings were 
made on it During all these operations light clouds were 
continually passing, leaving, however, the corona visible from 
time to time This accounts for the very irregular indications 
from which we can only infer that the total radiation of the 
corona cannot have been largei than the observed diffeiences 
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between the ladiatioii of neighbouimg gioups of clouds, and is 
probably much less than that of the full Moon which, in a clear 
sky, would have caused a deflection of 23 or 24 scale divisions 
The reduced deflections which were obtained from 12*^ 2“ 3® 
until 12*^ 30“ aie once more plotted on the diagram on a bundled 
times larger scale (see the dotted line) Even on this scale 
the heating effect duiing totality m too small to be lepresented 
Veiy striking is the iipid increase after third contact 
Between 12** 26“ and 12*' 43” the suiroundings of the Sun 
weie comparatively clear, so that the corresponding points in 
the diagram may not be far from giving a part of the real 
radiation cuive Then clouds came on again and the observations 
were discontinued at 1“ 12”, as it appealed hopeless to wait 
for any more trustworthy ordinates 

The broken line is intended to give an idea of the cuive, the 
true foim of which ought to have lesulted from our observations 
Owing to the unfavourable condition of the sky we have missed 
this end as well as the aim of finding the order of magnitude 
of the total heat radiation proceeding from the corona The 
disappointment caused by this failure may serve as an excuse 
for having delayed the publication of the leport so long 


OhservaUons with the Pyrhehometer 

In order to convert the results obtained by the thermopile 
into absolute measure, we intended to make simultaneous obser- 
vations with Angstrom’s electi ical compensation pyrheliometer 
duiing the partial phases of the eclipse so long as the heat 
radiation would be sufficiently intense From preliminary obser 
vations made with this instrument on several dates preceeding 
the date of tire eclipse it appeared that, in the tropical coast 
region where we stayed, even on comparatively clear days the 
heat radiation is to a considerable extent absorbed by the atmos- 
phere Indeed, the number of gram-calories per minute per 
square centimeter very seldom exceeded the value Q = 1,25, 


') Knui AnasrRoM Wied Ann 67 S 633—648 
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whilst at Teneiiffe, at a small elevation above the level of the 
sea, Angstrom found Q = 1,37, the Sun’s altitude being 70® 
According to the theory of the instrument we may write 


Q = 


r 

4,19 X & X a 


X 60 = 


where i is the observed compensating current m ampeies, ? the 
resistance per centimeter of the manganin strips in ohms, h 
the breadth of the strips, a their absorption powei 

Professor Angstrom — to whom I express my sincere thanks 
for his interest and assistance — had kindly determined the 
values ot r, h and a before despatching the instrument, after 
our return home these constants were found to be nearly un 
altered They are 


h = 0,1496 cm 
a = 0,98 

» = 0,07875 at 20® 

a. = 0,00045 (temp coefi of r) 

giving 

at temperatures 0“ 10® 20° 30® 40° 

G = 7,62(0) 7,65(5) 7,69(0) 7,72(5) 7,76(0) 

The sensibility of oui milliammeter of Siemens & Halske had 
to be reduced by a shunt, so that the pyrheliometer current i 
was found by multiplying the observed current % bythereduc 
tionfactor 3,97 

It would be useless to give a full account of all the absolute 
measurements made duimg our stay m the camp, as the sky 
conditions were most times unfavourable for the purpose The 
following table, therefoie contains only some data obtained on 
May 6'"'^ in order to show the fluctuations of the radiation even 
on a clear day, and fuither the few observations which it was 
possible to make on the morning of the eclipse at tolerably 
clear moments 
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TABLE II 


Time 

Temperature 

inside 

pyrheliometer 

Zero reading 
of 

galvanometer 

Current ^ observed when 
exposing one of the strips 

Zero reading 

galvanometer 

May 6 




left 

nght 

left 


lOh lOm 

34,°7 

11,7 

100,6 

98,9 

100,0 

11,7 

11 

50 

35, 1 

101 

101,2 

99,0 

100,2 

10,1 

12 

45 

35, 7 

10,1 

100,2 

100,5 

100,8 

10,1 

2 

30 

36 

7,5 

97,5 

95,0 

100,0 

7,4 

May 18 








10 

10 

33, 5 

6,8 

65,3 

60 

48,5 

7,0 

10 

40 

35, 7 

7,1 

91,6 

100 

99,5 

7 1 

10 

45 

35, 5 

7,0 

101 

101 

101 

7,0 

10 

48 

35, 2 

7,0 

97,8 

95 

90,5 

7,0 

10 

55 

34, 5 

7,1 

79 

88,2 

91,8 

7,1 

11 

3 

CO 

7,05 

75 

72 2 

69,8 

7,1 

11 

15 

34, 3 

7,1 

63,2 

61,2 

62,9 

7,1 


To the cuiient t = 101 milliampcies which was observed 
at 10** 45“, shortly before first contact, corresponds the compen- 
sating cunent 

* = 0,101 X 3 97 = 0,401 ampere, 
at temperature 35,5® we have C = 7,74, hence 

Q ^ ^ 1,245 


Utrecht, June 1905 


